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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to novel a,a-trehalose derivatives having anti-tumor activity. 
Background information 

Derivatives of a,a-trehalose, such as 6,6 -dimyco late of a,a-trehalose extracted from cell wall of a tubercle bacillus, 
have attracted considerable attention, as they have various immuno-pharmacobgical activities such as immunoadju- 
vant activity, ability of granuloma formation, ability of macrophage activation, ability of enhancing non-specific protec- 
tion, anti-tumor activity, etc. [Yakugaku Zasshi. 107. 37-45 (1 987) and Kekkaku. 63 (3) , 41 -54 (1 988)]. Particular chem- 
ical structures of these liposaccharides, however, have not been well established due to the fact that their mycolic acid 
moieties, forming the most notable characteristic of cell walls of acid-fast bacteria, are long-chain fatty acid (having 60 
to 88 carbon atoms) of extremely strong hydrophobic property and that they are unstable at elevated temperatures. In 
addition, these compounds are not appropriate for medical application because composition (such as number of carbon 
atoms, unsaturatlon and substitution) of their mycolic acid moieties varies from one bacterial species to another and 
thus products with uniform composition cannot be obtained. Furthermore, particularly the liposaccharides having my- 
colic acid moieties of 70 to 80 carbon atoms have fault that they are highly toxic. 

Among other a,a-trehalose derivatives, there may be mentioned 2,3,6'-trimycolate of a,a-trehaIose, obtained from 
Rhodococcus aurantiacus, which has very unusual unsymmetrical structure (FEBS letters, 203, 239-242 (1986)) and 
2,6*-dimycolate of a,a-trehalose extracted from the same bacterium (60th Annual Meeting of Biochemical Society of 
Japan, October, 1987]. However, pharmacological activities of these unsymmetrical mycolic ester of a.a-trehalose 
have, not been sufficiently clarified and neither structure nor composltbn of their mycolic acid moieties have been 
determined. 

Other difatty-acid esters of a.a-trehalose have been described [US-A-4,612,304; CA-A-1 ,202,622; JP-B- 
50478/1987; JP-A-46294/1984; JP-A-1 57097/1 984; JP-A-289038/1 986; JP-A-53926/1 987; JP-A-1 74094/1 987 and 
Chem. Pharm. Bull. 33, 4455 (1985)]. All these compounds are substituted with fatty acid residues at symmetrical (e. 
g.6,6')positions of a,a-trehalose. 

Also, there have been known 2-palmitoyl, 2,2'-dipalm!toyl and 2,3,2'-tripalmitoyl derivatives of a,a-trehalose by J. 
Chem. Soc. Perkin I, 1980, 1940-1943. 6-(3-hydroxy-2-tetradecanyloctadecanoyl)ester by Carbohydrate Res.. 125, 
323-328 (1984), 6.6'-bis-(3-hydroxy-2-tetracosanylhydroxyhexacontanoyl)ester by Chem. Phys. Lipids, 16. 91-106 
(1976), 2,6,6 -tris(3-acetoxy-2-tetracosanyI-methoxyhexacontanoyl)ester by Bull. Soc. Chim. France, 1478-1482 
(1956), 2.3,4,2'-esters by DE-AI-3248167, 2,3.6.2'-esters by Chem. Phys. Lipids, 29 241-266 (1981), 4.6,4',6'-tetra- 
stearoyl ester by Chem. Pharm. Bull. 30, 1169-1174 (1982) and 4, 6. 4', 6', -esters by JP-1 -157097/1 984. 

After an extensive study on the synthesis of glycolipids having bng chain aliphatic acyl group as their lipid moieties, 
the present inventors have successfully prepared a,a-trehalose derivatives having mycolic acid or aliphatic acid moi- 
eties of defined chemical structure, uniform constitution arid thus improved safety, particularly unsymmetrical deriva- 
tives (i.e. compounds except those having only the same acyl groups located at paired positions designated by numbers 
corresponding with each other). 

SUMMARY OF THE INVENTION 

The present invention provides a trehalose derivative of the formula; 
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wherein R3. rs. r6. and R7 are hydrogen atoms, Ri and R^ are aliphatic acyl groups, and R2 and R^ are each 
selected from hydrogen and C^^q aliphatic acyl groups. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

Definitions 

As used herein, the expression "01.40 aliphatic acyl group" refers to a group consisting of a carbonyl group and 
hydrogen atom or a saturated or unsaturated, straight or branched chain aliphatic hydrocarbon group combined with 

10 said carbonyl group, the total number of carbon atom being 1 to 40. and preferably 6 to 36. When said aliphatic hy- 
drocarbon group is a branched one, said branching may occur at any position such as a- or p-position to the carbonyl 
group but it is preferred that a side chain with a greater number of carbon atoms is present at a-position. The side 
chain may also be branched. In a preferred embodiment, the main and side chains have a backbone with up to 30 and 
preferably 5 to 25 or 5 to 20 carbon atom. When said aliphatic hydrocarbon group Is unsaturated, any number of, 

IS preferably 1 to 5 and e.g. 1 ,2 or 3 double or triple bonds or a combination thereof may be present. In addition, said 
aliphatic hydrocarbon group may have one or more, preferably 1 to 5. e.g. 1 ,2 or 3 substituents which are independently 
selected from groups found in the naturally occurring mycolic acids, such as hydroxy, methoxy, epoxy, carbonyl. car- 
boxy, methylene (forming cyclopropane ring) etc., and a protected hydroxyl group (ie. a group which may be connected 
to a hydroxyl group on removal of the protecting group) or a protected carboxyl group (ie a group which may be con- 

20 verted to a carboxyl group on removal of the protecting group. 

The term "hydroxy-protecting group" it used herein to near a group which may be used for protecting a hydroxyl 
group. Examples of hydroxy protecting groups include mono- and bi-valent groups which are used In saccharide or 
peptide synthesis to temporarily replace the hydrogen atom of a hydroxy group in order to avoid any possible unde- 
sirable reaction on the hydroxy group during a condensation reaction such as acylation and which can be easily removed 

25 after the condensation reaction. 

Said monovalent hydroxy-protecting group includes a-aryl(lower)alkyl (e.g. benzyl, p-chlorobenzyl, diphenylme- 
thyl. trityl etc., which are removable by calalytic hydrogenation, HBr/acetic acid or p-toluenesulfonic acid), trifluoro-, 
chloro-, methoxy- or aryloxy-acetyl (removable by base), (lower)alkoxycarbonyl (removable by alkali). 2-tetrahydro- 
pyranyl or 2-tetrahydrothiopyranyl (removable by acid), tri(lower)alkylsilyl (removable by water, acid or alkali), tri(lower) 

30 alkylmethyl (removable HBr/trifluoro acetic acid). 1-(a-aryl(lower)alkyloxycarbonylamino)-2.2,2,-trlfluoroethyl (remov- 
able by calalytic hydrogenation or acid), 2-(a-aryl(lower)alkyloxycarbonyl)benzoyl (removable by calalytic hydrogena- 
tion or hydrazine), tri(lower)alkylmethytoxycarbonyl, aryk:arbonyl(lower)alkylcarbonyl (removable by alkali) etc. 

Said bivalent hydroxy-protecting group includes lower alkylidene which may be substituted with a substltuent such 
as monocyclic aryl, lower alkoxy or 0x0 (said alkylidene group may form a cyclic group such as a cyclic acetal (e.g. in 

35 the case of methylene, ethylidene, benzylldene, isopropylidene. cyclohexylidene etc., which are removable by acid or 
catalytic hydrogenation). a cyclic ortho-ester(e.g. In the case of methoxymethylene, 1 -ethoxyethylidene etc. , which are 
removable by acid) or a cyclic ester (e.g. cyclic carbonic ester, removable by base), polysiloxanediyi (e.g. a group of 
the formula: -Si(tower alkyOg-O-Si (lower alkyl)2-, removable by TBAF. acid or alkali) and the like. 

The term "aryl" refers to a group comprising a small number of, and preferable one benzene ring which may be 

40 substituted with 1 to 5, preferably 1 to 3 substituents such as lower alkyl. lower alkoxy, halogen, nitro etc. 

The term "lower alkyl" refers to a straight or branched chain alkyl having 1 to 8, preferable 1 to 6 and particularly 
1 to 4 carbon atoms, and includes methyl, ethyl, isopropyl, 2-methylpropyl etc. 

One group of compounds according to the present Inventk^n are trehalose derivatives of the formula: 

45 



so 




OR* CH,OR" 



55 wherein ,R3. R'^, R^ r6, and R^ are hydrogen atoms and R^ and R8 are C^^o aliphatic acyl groups . 

A further group of compounds according the present invention are trehalose derivatives of the formula: 
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CHtOR* 0R» 




wherein four of R^, R^, R^ and are hydrogen atoms, R"" and R® are C1.40 aliRhatic acyl groups, and one of R^ and 
R"* is a Ci^o aliphatic acyl group and the other is hydrogen. 

Still further groups of compounds according to the present invention are trehalose derivatives of the formula: 




wherein four of R3. RS, R® and R7 are hydrogen atoms and Ri, R2, R* and R^ are aliphatic acyl groups. 
The above compounds of the formula (I) can be prepared by the following process. 

(a) Preparation of monoacyl derivatives (Reference Process) 
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(Process iii) (Reference Process) 
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(Process iv) 
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(d) Preparation of tetraacyl derivatives 
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(18) 



Deprotection 
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In the above formulae, Ra, Rb and Rc are independently bivalent hydroxy-protecting groups, R^p is a monovalent 
hydroxy-protecting groups, and R^a, R^a, R^a and R®a are Independently aliphatic acyl groups. 

Process 1) (Reference Process) 

The reaction for obtaining the compound 2 starting from the compound 1 (a,a-trehalose) is carried out by treating 
the compound 1 with a bivalent hydroxy-protecting group introducing agent (hereinafter, referred to as BHPGIA) which 
does not transfer other protecting group of the compound 1 , preferably aldehydes such as benzaldehyde or ketones, 
in the presence of a catalyst such as zinc chloride, according to the known method, for example the method described 
in J. Org. Chem., 34^ 1035 (1969). The compound 3 can be obtained by treating the compound 2 with a BHPGIA 
(preferably one different from the BHPGIA used in the preceding step), for example a silylating agent X-Rb-X wherein 
Rb is e.g. -Si(i-Pr)2-0- Si(i-Pr)2- and X is halogen, preferably chlorine, in an inert solvent and preferably in the presence 
of a base such as pyridine or picoline. 

The acylation of the compound 3 can be effected by reacting an acylating agent capable of introducing C^^q 
aliphatic acyl group in an inert solvent e.g. methylene chtorkJe. preferably in the presence of a base such as 4-dimeth- 
ylaminopyridine. 

Said acylating agent may be a carboxylic acid having the desired acyl group or a reactive derivative of said car- 
boxylic acid. Said reactive derivative rnay be an anhydride with an inorganic or organic acid, an activated ester or an 
activated amide, for example, acid azide, (esterified) carbonic acid anhydride, (esterified) phosphoric acid anhydride, 
nitrophenyl ester, pyridylthio ester, ester with N-hydroxysuccinimide, ester with N-hydroxyphthalimide, amide with im- 
idazol etc. When a carboxylic acid Is used as the acylating agent, It is advantageous to carry out the reaction in the 
presence of a condensing agent such as N,N'-dicyclohexylcarbodiimlde, N-cyclohexyl-N'-morpholinoethylcarbodiim- 
ide, N,N'-diisopropylcarbodiimide, N-ethylbenzisoxazolium salt, 2-chloro-1-methylpyridlnium salt, N.N'-carbonyldiimi- 
dazol etc. The reaction proceeds at a temperature between cooling and wamning, for example at room temperature. 

The compound 4 is then subjected to the elimination reaction of protecting group to give the desired compound 
la. This reaction can be effected by applying necessary times of removing reaction according to the number of protecting 
groups or only once when the removing reaction can be applied to all the protecting groups present, said removing 
reaction being conventional one for respective protecting groups. For example, the group Rb is removed by using 
desilylating agent such as tetrabutylammonium fluoride In an Inert solvent at moderate conditions such as room tem- 
perature (see Carbohydr. Res., 138^ 55, 1985) and then Ra and Rc such as benzylidene are removed by heating (e. 
g. at 90°C) with 90% acetic acid. 

This course is preferred for the case where R^a has not any protected substituent or has any unsaturation. 

When the compound la has any unsaturation in R^a, it can be converted to the compound lae having epoxy sub- 
stituent in R^a by treating with an epoxidizing agent including organk: peracid such as peracetk: acid, perbenzoic acid. 
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metachloroperbenzolc acid etc. or hydrogen peroxide or peroxoacid. 
Process (ii) 

s The reaction for obtaining the compound 2 from the compound 1 can be carried out by dissolving the compound 

1 in an inert solvent, preferably in the presence of a base such as pyridine, picoline etc., and treating it with an isomer- 
izing silytating agent X-Ra(or Rc)-X. Liquid bases can serve as a solvent. In the silylating agent, X is preferably chlorine 
and Ra (or Rc) is preferably -SiRg-O-SiRg- wherein R is isopropyl. The reaction is carried out at a lower, elevated or 
usually room temperature. 

10 The reaction for obtaining the compound 8 from the compound 2 can be carried out by isomerizing the compound 

2 produced In the preceding step with an organic base or a salt thereof, for example pyridine hydrochloride, In an inert 
solvent, e.g. N,N-dimethylformamide. The reaction proceeds at a room temperature. An isomeric mixture is obtained 
in a reaction which can be separated by the conventional way or after the following step. 

The product in the above step Is then treated with a protecting group introducing agent such as R^p^X wherein X 
1B is halogen, for example trityl chloride, In an inert solvent, preferably In the presence of a base which also serve as a 
solvent, such as pyridine. The reaction proceeds at a room temperature and may be accelerated by heating. Separation 
of the isomeric mixture can be accomplished by the conventional method, for example chromatography (e.g. on sili- 
cagel). 

The diacylation of the compound 8 can be carried out in a manner similar to that for the acylation of the compound 

20 a When the groups R^a and R^a to be introduced are the same acyl group, these groups may be Introduced simulta- 
neously or stepwisely into the compound 8 produced in the preceding step. When the groups are different, it is desirable 
to introduce first R^a and then R''a. The acyl groups to be Introduced preferably have not epoxy group as substituent 
and when these have any hydroxy or carboxy substituent, they are preferably protected with protective groups con- 
ventional in the saccharide or peptide synthesis. 

2S The acylation can be effected by reacting an acytating agent in an inert solvent e.g. methylene chloride, preferably 

in the presence of a base such as 4-dlmethylaminopyridine. 

Said acylating agent may be a carboxylic acid having the desired acyl group or a reactive derivative of said car- 
boxylic acid. Said reactive derivative may be an anhydride with an inorganic or organic acid, an activated ester or an 
activated amide, for example, acid azide, acid halide, (esterified) carbonic acid anhydride, (esterif ied)-phosphoric acid 

30 anhydride, nitrophenyl ester, pyridylthb ester, ester with N-hydroxysuccinimlde, ester with N-hydroxyphthallmide, 
amide with Imidazol etc. When a carboxylic acid is used as the acylating agent, it is advantageous to carry out the 
reaction in the presence of a condensing agent such as N,N*-dicyclohexylcarbodiimide, N-cyclohexyl-N'-morpholi- 
noethylcarbodiimide, N,N'-diisopropylcarbodiimide, N-ethylbenzisoxazolium salt, 2-chloro-1-methylpyridlnium salt, N, 
N'-carbonyldiimldazol etc. The reaction proceeds at a temperature between cooling and warming, for example at room 

3S temperature. 

Partial deprotection of the compound 9 can be carried out by treating the compound produced in the preceding 
step with a desllylating agent, for example tetrabutylammonium fluoride in an inert solvent. The reaction proceeds 
under moderate conditions, such as at room temperature. 

Deprotection of the compound 1 0 can be carried out by a method conventional for respective protecting group, for 
40 example hydrogenation over a metal catalyst for catalytic hydrogenation. e.g. palladium black for benzyl group, or 
treatment with acid catalyst such as HBr or p-toluene sulfonic acid. When R^^a and/or R^a are saturated, the catalytic 
hydrogenation is preferred, while it is unsaturated, acid degradation Is desirable. In addition, if R^a and/or R^a have 
any protected substituent, they are preferably removed at the same time together with R^p. . 

When the compound Ic has any unsaturation in R^a or R®a, it can be converted to the compound Ice having epoxy 
45 substituent by treating with an epoxidizing agent (peroxide) Including organic peracid such as peracetic acid, perbenzoic 
acid, metachloroperbenzolc acid etc. or hydrogen peroxide or peroxoacid. 

Process (tit) (Reference Process) 

so Diacylation of the compound 3 can be carried out in a manner similar to that for the diacylation of the compound 

8 in Process (11). Thus, when the two acyl groups are introduced stepwisely the compound 11 is produced via the 
compound 4, while if they are to be introduced concurrently, the compound 11 may be directly produced. When an acyl 
group have protected (e.g. with benzyl) hydroxy as the acyl group for R2a, then It is desirable to Introduce first RPa, to 
which in turn R''a is introduced. 

55 Deprotection of the compound 1 1 can be carried out In the same manner as in Processes i, or il giving the compound 
Id. 

The compound Id can be converted to the epoxy compound Ide just like the compound la or Ic. 
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Process iv and v) 

The compound 1 1 obtained by Process (iii) can be partially deprotected to give the compound 1 2. The deprotection 
can be carried out by a method appropriate for the protective group to be removed, for example by heating (e.g. at 
5 90° C) with 90% acetic acid in the case of benzylidene. 

The produced compound 12 is treated with MHPGIA R^p-X wherein X Is halogen, for example trityl chloride, in an 
inert solvent and preferably In the presence of a base (which can serve as a solvent) such as pyridine at a moderate 
temperature (e.g. room temperature) to give the compound 13. By-products such as 6,6'-protected compound can be 
removed by sllicagel column chromatography. 
10 Acylation of the compound 1 3 can be carried out in a manner similar to that for the compound 3, or 8. 

The produced compound 14 can be deprotected in a manner similar to that for the compound 4, 9, 10 or 11 to give 
the compound le. If any protected (e.g. with benzyl) hydroxy group is present in the acyl group, such protective group 
may be concurrently removed by treating with hydrogen in the presence of a metal catalyst for catalytic hydrogenation 
such as palladium black, if desired. 

75 

Processes vi and vii) 

The production of the compound 8 from the compound 1 (a,a-trehalose) via the compound 2 can be accomplished 
in a manner similar to Process (ii). For the silylation. see Tetrahedron, 41^ 4557, 1985. 
20 The compound 8 can be partially deprotected to give the compound 1 5. This reaction is carried out in an appropriate 

method for the protective group to be removed, for example, when trityl group is to be removed, using acid catalyst 
such as p-toluenesulfonic acid at a moderate temperature, e.g. room temperature (see Fukugotoshitsu Kenkyuho 
(Methods for Research of Complex Carbohydrate) II, Biochemical Society of Japan, page 243. 1986). 

Acylation of the compound 15 can be carried out in a manner similar to that for the compound 3, or 8. Thus, the 
2S three acyl groups R^a, R^a and R^a can be introduced concurrently or stepwisely via the compound 17. 

The compound If is obtained by deprotecting the protective groups in the compound 16. The deprotecting reaction 
can be carried out in a manner similar to that -for the compound 4, 9, 11 or 14. 

.Process vlli) 

30 

Productbn of the compound 12 from the compound 3 (by diacylation and deprotection) can be carried out like the 
Process Iv. Diacylation of the compound 12 also can be effected in a manner similar to that for the compound 3 or 8 
to give the compound 18. Deprotection of the compound 18 is carried out by treating with a desilylation agent, for 
example tetrabutylammonium fluoride, to give the compound Ig. If. however, the compound 18 has any protected (e. 
35 g, with benzyl) hydroxy group in its acyl group, the compound Ig is obtainable after hydrogenating over a metal catalyst 
for catalytic hydrogenation such as palladium black. 

Among the intermediates in the above described processes, the following compounds are novel and thus the 
present invention provides such compounds as the novel and key intermediates. 

40 Compound of the formula (8) 



45 




wherein Ra and Rc are independently bivalent hydroxy-protecting groups and R*p is hydrogen atom or a monovalent 
hydroxy-protecting group. 

Furthermore, some carboxylic acids usable as the acylating agent in the above described processes are preferred. 
55 Examples of such carboxylic acids are a-alkyl-p-hydroxy acid (having basic structure of mycolic acid) of the formula: 
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OH 

11 I 

R -CHj-CH-CH-COOH (II) 



wherein R" and Ri2 are independently all<yl whereby the compounds of formula (II) have a maximum of 40 carbon 
atoms, which can be produced, for example, by the following processes. 



[Process A] 



[Process B] [Process C] 



2R"-CH,C00 lower R"-CH»CHO 



NaH 



alkyl 



0 

R"-CH,C-CH-COO lower 

R" alkyl 
NaBH4 



R'*-CH-COO lower 
Br alkyl 



i ) Zn 
ii) H2SO4 



9H 

R''-Cflj-Cfl-CH-COO lower 

R'* alkyl (in) 

Hydrolysis I (e.g. 10$-KOH) 



■i 



R'*-CH,COOH 
L DA 



R"-CH,-CH-CH-COOH 



(D) 



According to Process A, for the preparation of branched aliphatic acid like a-alkyl-p-hydroxy aliphatic acid II, when 
R^"" and R^^ game alkyl, an aliphatic acid ester can be subjected to Clalsen condensation and then reduced 

with NaBH4 to give the desired ester III, according to the description in the literature (Bull. Soc. Chim. Fr., 504-510. 
1954). 

According to Process B, when R" and R12 are different with each other, an aliphatic aldehyde and an a-bronno- 
carboxylic ester can be condensed by Reformatsky reaction to give the compound III. The compound III produced by 
Process A or B is hydrolyzed to give the desired compound, a-alkyl-p-hydroxy acid 11. 

In addition, according to Process C. when R" and R^^ are different alkyl. an aliphatic aldehyde 'and a carboxylic 
acid can be condensed in the presence of, preferably two moles or more of, a strong base such as LDA (lithium 
diisopropylamlde) to directly give the compound Ii. 

In the above processes, when a hydroxy acid such as above is to be used in the acylation as the third step, it is 
necessary to protect the hydroxy function. Preferred example of such protecting process is shown below. 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



9H 

R"-CH,-CH-pH-COOH 



(n) 



i 



OH 



PhCOCHsBr/EtsN (Ph:Phenyl) 



R"CH,-CH-CH-COOCH,C-Ph (IV) 



R 



1 1 



PhCHtOC-CCU/CFaSOaH 
or 

^ CH3 



OPG 



CFsSOsSi-CCCHa 

I 

CH, 



)3/jroi 

t-Bu N'^t-Bu 



R"CHiCH-CH-COOCHt?-Ph (V) 
R'» 



i 



NaOH 



. OPG 
R"-CH»-CH-CH-COOH 
R'» 



(YI) 



PG: benzyl or silyl type protecting group 

The compound II is treated with phenacyi bromide to give the phenacyi ester iV. 

The ester IV in turn is treated with benzyl trichloroacetimidate in the presence of an acid to form the compound V 

having benzyl type protection or with t-butyldlmethylsilyltrlfluoromethanesulfonate in the presence of a base to form 
the compound V having silyl type protection. The phenacyi moiety in the produced compound V can be removed to 
give the desired aliphatic acid VI. 

The compounds I of the present invention have a pronounced anti-tumor activity and therefore useful in the prep- 
aration of a medicament. 

The compounds of the invention are effective in the treatment of various kind of tumors, as indicated in proliferation 
tests with various tumor cells. For example, in vivo antitumor activity can be tested using Eriich carcinoma, which is 
subcultured in ascites of DS male mice and then transplanted in dorsal skin of healthy mice at 3x10^ cells per animal. 
Test compounds are administered daily for several to several tens days and tumor weights are compared with controls. 
In this test, the compound of the invention are proved to be effective for inhibiting proliferation of tumor cells. Thus, the 
compounds of the invention can be used in the treatment of, for example, cancers of the breast, the prostate, the colon, 
the pancreas and the brain. 

For the above indication, the appropriate dosage will, of course, vary depending upon the particular compound 
employed, the host, the mode of administration, and the condition being treated. However, in general, satisfactory 
results can be obtained at daily dosage from about 0.1 to 50 mg/kg body weight. For larger ariimals such as human, 
the daily dosage is in the range of approximately 10 mg to 2 g. 

The following non-limiting Examples further illustrate the present invention. 

In the Examples, sllicagel for column chromatography is l^erck #7734 and sheet for TLC is Merck plastic sheet 
#5735. 

The invention will be now further illustrated by means of the following examples, which are not, however, intended 
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to limit the scope of the Invention. 

(Preparation of the starting nnaterials) 

5 Reference Example 1 

Preparation of 3-hvdroxv-2-n-tetradecanvl-docosanoic acid flO (Process B) 

Zinc (352.7 mg, 5.40 millimole) was suspended in a mixed solvent (9 ml) of dry benzene and dry tetrahydrof uran 
10 (5: 1 ) under argon atmosphere. Trimethylchlorosilane (0.05 ml, 0.40 millimole) was added dropwise to the suspension, 
and the mixture was stirred at room temperature for 1 5 minutes, then refluxed (at bath temperature of 85**C) and cooled 
to the room temperature. 

Icosanal (1g. 3.37 millimole) and methyl 2-bromohexadecanoate (977.8 mg. 2.80 millimole) were dissolved in the 
same mixed solvent (30 ml). The obtained solution (4 ml) was added dropwise to the reaction vessel containing zinc 

IS activated by trimethylchlorosilane as described above, and the mixture was stirred at 85°C for 1 hour The progress 
of reaction was confirmed through thin layer chromatography, and the rest of the solution (26 ml) was gradually added 
under the same conditions and the mixture was stirred for 8 hours. After cooling the reaction mixture with ice, 20% 
sulfuric acid (50 ml) was added thereto, and the mixture was stirred for 15 minutes. Then the mixture was washed 
twice with benzene, and the organic phase was extracted twice with 10% sulfuric acid, and successively washed once 

20 with saturated aqueous sodium bicarbonate solution, once with 1 0% sulfuric acid, then twice with water, and dried over 
anhydrous sodium sulfate. The solvent was distilled off from the organic phase, and the obtained residue was dissolved 
in a developing solvent (n-hexane:ether= 8:2) and fractionated through silicagel column chromatography (n-hexane: 
ether= 8:2). The fourth and fifth fractions were pooled and the solvent was distilled off to give methyl 3-hydroxy-2-n- 
tetradecanyldocosanoate (III) (812.8 mg, yield 51%) in the fomri of white crystals. 

25 The white crystals (5.16 g, 9.1 millimole) was dissolved in a mixed solvent (144 ml) of dioxane and ethanol (1 :5), 

with heating and 10% potassium hydroxyde solution (51 ml, 91 millimole) was added thereto and the mixture was 
refluxed for 1 hour. The reaction mixture was acidified (pH : about 2) with 2N hydrochloric acid with cooling on Ice, and 
the precipitates were filtered off, washed and dried. The obtained product was fractionated through silicagel column 
chromatography (chloroform :methanol=95: 5). The first two fractions comprising impurities were discarded and the 

30 colorless third fraction was pooled, and the solvent was distilled off from the fraction to give 3-hydroxy-2-n-tetradecanyl- 
docosanoic acid (II) (1.469 g, yield 29%) In the form of white solid, m.p. 65-67 'C. 

Reference Example 2 

35 Preparation of 3-benzvloxv-2-n-tetradecanvl-octadecanoic acid (VI) (protection of hydroxyl group of (II)) 

3-Hydroxy-2-n-tetradecanyl-octadecanolc acid (II) prepared as described [Bulletin de la Societe chlmique de 
France 504-510 (1 954)] was dissolved in dry letrahydrofuran (45 ml), and then phenacyl bromide (2.70 g. 1 3.59 milli- 
mole) and triethyl amine (1 .89 ml, 1 3.59 millimole) were successively added thereto with ice cooling. The mixture was 

40 allowed to warm to the room temperature, and reacted for 23 hours. The insoluble mass in the reaction mixture was 
filtered off with suction and the solvent was distilled from the filtrate. The residue was dissolved in benzene and the 
obtained solution was fractionated through silicagel column chromatography (benzene). After the fractions comprising 
Impurities were discarded, the later colorless fractions were pooled, and the solvent was distilled off from the fraction 
to give white crystals of phenacyl 3-hydroxy-2-n-tetradecanyl-octadecanoate (IV) (1.81 g, yield 33%). 

45 Then, phenacyl 3-hydroxy-2-n-octadecanylHXtadecanoate (IV) (1 .81 g. 2.94 millimole) was dissolved in dry meth- 

ylene chloride (80 rn\) under argon atmosphere, and benzyl 2,2,2-trichloro-acetoimidate (0.66 ml. 3.53 millimole) and 
trifluoromethane sulfonic acid (0,052 ml, 0.59 millimole) were successively added dropwise thereto with Ice cooling. 
The reaction mixture was allowed to warm to room temperature, and to react for 17 hours, then methylene chtoride 
was added to the reaction mixture, and the obtained solution was successively washed with saturated aqueous sodium 

50 bicarbonate solution and water, and then dried over anhydrous sodium sulfate. The solvent was distilled off from the 
solution. The residue was dissolved in a developing solvent (benzene:n-hexane=6:4), and fractionated through silicagel 
column (benzene:n-hexane=6:4), and the fast eluting fractions comprising impurities were discarded and then the later 
colorless fractions were pooled and the solvent was distilled off to give phenacyl 3-benzyloxy-2-n-tetradecany!-octa- 
decanoate (V) (783.9 mg) in the form of colorless oil, 

55 Further, the same procedure was repeated using the recovered starting material (IV), and the compound (V) 

(1 .0264 g) was obtained in a total yield of 1 .81 03 g (yield 87%). 

Finally, phenacyl 3-benzyloxy-2-n-tetradecanyl-octadecanoate (V) (1 .81 g. 2.57 millimole) was dissolved in a mixed 
solvent (70 ml) of tetrahydrof uran and methanol (1:1) and IN sodium hydroxyde (7.70 ml. 7.70 millimole) was added 
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thereto, and the mixture was reacted at 65"C for 2.5 hours. The solvent was distilled off from the reaction mixture, and 
water and tetrahydrofuran were added to dissolve the residue. Then the solution was acidified with 2N hydrochloric 
acid (to pH of about 2) with ice cooling, and extracted with ethyl acetate, and the organic phase was washed with water 
and dried over anhydrous sodium sulfate. The solvent was distilled off from the organic phase, the residue was dissolved 
s in a developing solvent {n-hexane: ethyl acetate=8:2), and the obtained solution was purified over a sllicagei column 
(n-hexane: ethyl acetate=8:2). The fast eluting fractions comprising impurities were discarded and the later colorless 
fractions were pooled. The solvent was evaporated off from the pooled fractions, and the residue was purified over a 
silicagel column (benzene:ethyl acetate=9:1) again, to give 3-ben2yloxy-2-n-tetradecanyl-octadecanolc acid (VI) (878 
mg, yield 58%) in the form of colorless oil. 

10 

Reference Example 3 - 

Preparation of 3-ben2vloxv>2-n-tetradecanvl-docosanolc acld(Vn 

IS (protection of hvdroxvl group of (ID) 

3-Hydroxy-2-n-tetradecanyl-docosanoic acid (II), prepared by the Reformatsky reaction (process B) and hydrolysis 
as described in Reference example 1, was subjected to phenacylesterification. acidic benzylation followed by depro- 
tection by hydrolysis, to give 3-benzyloxy-2-n-tetradecanyl-docosanoic acid (VI) in the form of pale yeilow oil. 

20 

Reference Example 4 

Preparation of 3-hvdroxv-2'n-tetradecanyl-n-icosenoic acid (II) (process C) 

2S Diisopropyl amine (5.04 ml, 36.02 millimole) and dry tetrahydrofuran (30 ml) were introduced into a reaction vessel 

sufficiently substituted by argon gas. The reaction mixture was cooled to -78"C, and then 1.6M butyl lithium/hexane 
solution (23.64 ml, 37.82 millimole) was added dropwise thereto. The cooling bath was removed and the solution was 
allowed to warm to 0*'C and stirred for 30 minutes at the same temperature. The lithium dilsopropylamideAetrahydro- 
furan solution was again cooled to -78°C, and palmitic acid (4.62 g, 18.02 millimole) in dry tetrahydrofuran (60 ml) was 

30 added thereto, and the reaction mixture was stirred for 1 5 minutes at the same temperature (-78°C). Then, the reaction 
temperature was raised to room temperature, and the reaction was continued for 1 hour The reaction mixture was 
again cooled to -78°C, and 9-octadecenal (4 g, 15.02 millimole) in dry tetrahydrofuran (60 ml) was added dropwise 
thereto. The obtained mixture was reacted for 4 hours under the same conditions, and altowed to warm to 0°C. and 
Ihe reaction was stopped by adding IN hydrochloric acid (200 ml). The reaction mixture was extracted thrice with 

35 chloroform. The organic phase was washed twice with water and then dried over anhydrous sodium sulfate. The inor- 
ganic salt was filtered off and the solvent was distilled off from the filtrate. The obtained residue was dissolved in a 
developing solvent and fractionated through silicagel chromatography (n-hexane: ethyl acetate=8:2 -> chloroform: 
methanol=95:5) to give 3-hydroxy-2-n-tetradecanyl-11-icosenoic acid (ll)(3.73 g, yield 47.5%) In the form of white vis- 
cous solid. 

40 

Reference Example 5 

Preparation of phenacvl 3-hvdroxv-2-n-tetradecanvl-1 1 -icosenoate (IV)(Esterification of carboxvlic acid) 

45 3-Hydroxy-2-n-tetradecanyl-1 1 -icosenoic acid (M)(3.68 g, 7.04 millimole) was dissolved in dry tetrahydrofuran (1 00 

ml), and phenacyl bromide (2.10 g, 10.56 millimole) and triethyl amine (1.47 ml, 10.56 millimole) were successively 
added thereto with ice cooling. The reaction mixture was allowed to warm to room temperature, and to react for 13.5 
hours. The insoluble nnatter in the reaction mixture was filtered off with suction and the solvent was distilled off from 
the filtrate. The residue was dissolved in methylene chloride and the obtained solution was successively washed with 

so water and saturated aqueous sodium chloride solution, and dried over anhydrous sodium sulfate. The inorganic salt 
was filtered off and the solvent was distilled off from the filtrate. The obtained residue was purified over a silicagel 
column (benzene --^ benzene:ethyl acetate=8:2) to give phenacyl 3-hydroxy-2-n-tetradecanyl- 11 -icosenoate (IV) 
(998.6 mg. yield 22.1%) in the form of white viscous solid. 
IR(v^KBr.cm-i): 3340. 2900. 2850. 1740, 1705 

55 
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Reference Example 6 

Preparation of 3-hvdroxv-(t-butvldimethvlsilvioxv)-2-n-tetradecanv(-11'icosenoic acid (VlUPreparation of hydroxyi- 
protected product) 

5 

Phenacyl 3-hydroxy-2-n-tetradecanyl-1l-icosenoate (IV)(820 mg, 1.28 millimole) was dissolved in dry methylene 
chloride (8 ml), and 2,6-dl-t-butylpyridine (072 ml, 3.2 miillmole) was added. Then, t-butyl-dimethylsltyMrlfluorometh- 
ane sulfonate (0.44 ml, 1 .92 millimole) was added dropwise thereto. The reaction mixture was allowed to react at room 
temperature for 30 minutes, and water (80 ml) was added there to and the obtained solution was extracted twice with 

10 methylene chloride. The organic phase was dried over anhydrous sodium sulfate, and the inorganic salt was filtered 
off, and the solvent was distilled off from the filtrate. The obtained residue was purified over a silicagel column (n- 
hexane:ether=98:2) to give phenacyl 3-(t-butyldimethylsllytoxy)-2-n-tetradecanyl-11-lcosenoate(V) (798 mg, yield 
82.6%) in the form of colorless oil. 
IR (v^aj^KBr.cm-''); 2900, 1750, 1710 

15 iH-NMR(CDCl3, 5); 0.04(s. 6H, -CH3X2), 0.86(s. 9H. -0(0^3)3), 0.58 • 3.00(m, 61 H, -CHg. -CH3). 4.89(m, 1 H, -COH-). 
5.15-5.46(m. 4H. -CH=CH-, Ph-CHg-). 7.31-7.96(m, 5H, Ar-H) 

Phenacyl 3-(t-butyldimethylsilyloxy)-2-n-tetradecany!-11-icosenoate (V)(798 mg, 1 .06 millimole) was dissolved in 
a mixed solvent of tetrahydrofuran (15,8 m!) and methanol (15.8 ml), and IN sodium hydroxyde solution (3.2 ml) was 
added. The reaction mixture was heated for 1.5 hours at 70"'C, and water (150 ml) was added thereto. The reaction 

20 mixture was acidified with 2N hydrochloric acid (pH:about 2) and was extracted twice with ethyl acetate. The organic 
phase was washed with water and dried over anhydrous sodium sulfate, and the inorganic salt was filtered off, and 
the solvent was distilled off from the filtrate. The obtained residue was purified over a silicagel column (n-hexane: ethyl 
acetate=93:7) to give 3-(t-butyldimethylsilyloxy)-2-n-tetradecanyl-11-icosenoic acid (Vl)(410 mg, yield 60.9%) In the 
form of pale yellow oil. 
lR(v^axKBr,cm-"'); 2910, 1710 

1H-NMR(CDCI3,5); 0.10 (s, 6H, -CH3X2). 0.89 (s,9H, -C(CH3)3), 0.66-2.70 (m, 61 H, -CHg. -CH3), 3.68-4.00 (m, 1H. 
-COH-). 5.18-5.51 (m, 2H. -CH=CH-) 

Reference Example 7 

30 

Preparation of 3-hvdroxv-2-n-tetradecanvl-octadecanoic acid (H) (Process C) 

Dlisopropyl amine (0.70 ml, 4.99 millimole) and dry tetrahydrofuran (3.75 ml) were introduced Into a reaction vessel 
sufficiently substituted by argon gas. The reaction mixture was cooled to -78**C, and then 1.6M butyl lithium/hexane 

35 solution (3.28 ml, 5.24 millimole) was added dropwise thereto. The cooling bath was removed and the solution was 
allowed to warm to O^C, and stirred for 30 minutes at the same temperature. The lithium diisopropylamide/letrahydro- 
furan solution was again cooled to -78''C. and hexadecanoic acid (639.9 mg, 2.50 millimole) in dry tetrahydrofuran 
(3.75 ml) was added thereto, and the reaction mixture was stirred for 15 minutes at the same temperature (-78*C). 
Then, the reaction temperature was raised to room temperature, and the reaction was continued for 1 hour The reaction 

40 mixture was again cooled to -78'*C, hexadecanal (500 mg, 2.08 millimole) in tetrahydrofuran (6.25 ml) was added 
dropwise thereto. The obtained mixture was allowed to react under the same conditions for 2 hours, then allowed to 
warm to 0°C, and the reaction was stopped by adding 1 N hydrochloric acid.(25 ml). The reaction mixture was extracted 
thrice with chloroform. The organic phase was washed twice with water and then dried over anhydrous sodium sulfate. 
The solvent was distilled off and the residue was purified on silicagel chromatography (n-hexane: ethyl acetate=8:2 -4 

4S chloroform:methanob9: 1 ). The fast eluting fractions were discarded, and the later colorless fractions were pooled, and 
the solvent was distilled off from the pooled solution to give 3-hydroxy-2-n-tetradecanyl-octadecanoic acid (l!)(475.5 
mg, yield 46%) In the form of white solid, 

(Process i) 

so 

Reference Example 1-1 

Preparation of 4.6,4'.6'-di-0-benzvlidene-a. a -trehalose (2) 

ss Anhydrous a.a-trehalose (1)(10 g, 277 millimole) and zinc chloride (50 g, 36.7 millimole) were suspended In 

benzaldehyde (90 ml) as described in the literature, and the suspension was stirred vigorously at room temperature 
for 20 hours. Water(200 ml) was added to the reaction mixture. The solution was stirred for a while, and petroleum 
ether (200 ml) was added thereto. Then, the precipitates were filtered off, washed with water, and dissolved In ethyl- 
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acetate. The solution was dried over anhydrous sodium sulfate. The inorganic salt was filtered off and the solvent was 
distilled off. The obtained residue was recrystallized from ethyl acetate/n-hexane to give 4,6,4',6'-di-0-ben2ylidene-a, 
a-trehalose (2)(6.09 g, yield 40.2%) in the form of white solid, m.p. 1 94-1 96"C (after recrystallization) [reference value: 
1 gs^'C (ethanol)] (literature: Journal of organic chemistry. 34. 1 035(1 969)). 

5 

Reference Example i-2 

Preparation of 4.6.4'.6'-di-Q-benzvlid9ne-2,3-0-(tetraisopropvldisiloxane-1 ,3-divl)-a.a-trehalose (3) 

10 To a solution of 4,6,4',6'-di-0-benzy!idene-a,a -trehalose (2) (2.10 g, 4.05 millimole) dissolved In dry pyridine (11 

ml) was added 1,3-dichloro-1,1,3.3-tetraisopropyldlsi!oxane (1.53 ml, 4.84 millimole) dropwise, and the mixture was 

stirred at room temperature for 24 hours. The solvent was distilled off and the residue was dissolved in chloroform. 

The solution was washed with saturated sodium bicarbonate solution and saturated sodium chloride solution. The 

organic phase was dried over anhydrous sodium sulfate, which was removed by filtration, and the solvent was distilled 
IS off from the filtrate. The residue was purified over a silicagel column (benzene:ethyl acetate=7:3). and the mixture was 

again purified by column chromatography to give 4,6,4',6'-di-0-benzylidene-2,3-0-(tetraisopropyldisiloxane-1,3-diyl)- 

a, a-trehalose (3) ( 1 .48 g. yield 48. 1 %) In the form of white foamy solid (m.p. 1 06-1 08'*C, after column chromatography) 

IRCwKBrcm-i); 3420. 2940. 2850 

IoIdSO; +40.80 (C=1 .0, CHCI3) 
20 AnalysisiCalculated for C38H560i2Si2:C, 59.97;H, 7.42 

Found: C, 59.89; H. 7.56 

iH-NMR(CDCl3. 5): 

0.87-1.33 (m, 24H, (CH3)2=CH-) 

1.53-4.83 (m, 18H. glucoside, (CH3)2=CH- ) 
25 5.07-5.27 (m. 2H. Ph-CH=) . 

5.53 (d. 2H, anomer H) 

7.23-7.60 (m. 10H. Ar-H) 

Reference Example i-3 

30 

Preparation of 4.6.4'.6'-di-0-benzvlidene-2-0-oleov!-2',3'-0-ftetraisopropvldisiloxane-1 ,3-divl)'a.a -trehalose (A) 

To a solution of 4,6.4',6'-di-0-benzylidene-2,3-0-(tetraisopropyldislloxane-1,3-diyl)-a,a-trehaiose (3)(500 mg, 
0.657 millimole) dissolved in dry methylene chloride (8 ml) were added oleic acid (0.252 ml, 0.788 millimole), 4-dimethyl 
35 aminopyridine (48.2 mg, 0.394 millimole) and N.N'-dicyclohexylcarbodiimide (162.7 mg, 0.788 millimole) successively 
The mixture was allowed to react at room temperature for 16 hours, and the solvent was distilled off. The residue was 
purified by silicagel column chromatography (benzene:ethyl acetate=95:5) to give 4,6,4'.6'-di-0-benzylidene-2-0-ole- 
oyl-2',3'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a, a-trehalose (4) in the form of colorless viscous product (596.3 mg, yield 
88.5%). 

40 

Reference Example i-4 

Preparation of 2-O-oleovl-a. a-trehalose (la-1) 

45 To a solution of 4,6,4',6*-dl-0-benzylidene-2-0-oleoyl-2',3'-0-(tetraisopropyl-disiloxane-1 ,3-diyl)-a, a-trehalose (4) 

(547.5 mg. 0.53 millimole) dissolved in a mixed solvent of dry tetrahydrofuran (17.4 ml), dry acetonitrile (17.4 ml) and 
water (1.74 ml) was added 1M tetrabutylammonium fluoride in tetrahydrofuran (3.4 ml). The mixture was allowed to 
react at room temperature for 2 hours, combined with chloroform (200 ml), washed with water and dried over anhydrous 
sodium sulfate. The inorganic residue was filtered off and the solvent was distilled off from the filtrate. The residue was 

so purified over a silicagel column (benzene:ethyl acetate=1 :1 ) to give desilylated product (450 mg) in the form of white 
solid. 

The desilylated product (418 mg) was dissolved in acetic acid (100 ml), and water (6.0 ml) was added thereto. The 
mixture was allowed to react at 90°C for 1 hour, and the solvent was distilled off from the reaction mixture. The residue 
was purified over a silicagel column (chloroform:methanol=8:2) to give 2-O-oleoyl-a, a-trehalose (la-1) (179 mg, yield 
ss 55.2%) of white viscous solid, m.p. 90-100*C. 

Other compounds (la) i.e. 2-O-pentadecanoyl-a. a-trehalose (la-3), 2-0-(12-hydroxy-stearoyl)-a. a trehalose (la- 
4) and 20-(9,12-octadecadienoyl)-a. a-trehalose (la-5), were prepared as described in the above example. 
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Reference Example 1*5 

Preparation of 2-O-(9,10-epoxvstearovl)-a.a-trehalose (I ae-1) 

s A solution of 2-0-oleoy!-a,a-trehalose (la) (70 mg, 0.115 millimole) in chloroform (6 ml) was added dropwise to m- 

chloroperbenzolc acid (45.5 mg, 0.185 millimole) In chloroform (6 ml) with Ice cooling, and the mixture was allowed to 
warm to room temperature and to react for 4 hours. Chloroform (40 ml) was added thereto. The reaction mixture was 
successively washed with 10% sodium sulfite solution, saturated sodium bicarbonate solution, water and saturated 
sodium chloride solution, and then dried over anhydrous sodium sulfate. The inorganic salt was filtered off and the 

10 solvent was removed from the filtrate. Ethanol was added to the residue and the insoluble mass was filtered off with 
suction. The solvent was distilled off from the filtrate to give 2-O-(9,10*epoxystearoyl)'a,a-trehalose (lae-1) (49.8 mg, 
yield 69.3%) in the form of white foamy solid, m.p. 55-65'C. 

(Process ii) 

IS 

Reference Example ii-1 

Preparation of 3,4.3'.4'-di-0-(tetraisopropvldisiloxane-1 .3-divl)-6-0-tritvl-a.a-trehalose (8) 

20 Anhydrous a,a-trehalose (1 ) (2. 1 5g, 6.3 millimole) was suspended in dry pyridine (90 ml), and 1 .3-dichloro-1 , 1 ,3,3,- 

tetraisopropyldisiloxane (5.0 g, 15.8 millimole) in dry pyridine (30 ml) was added dropwise to the suspension and the 
mixture was allowed to react at room temperature for 24 hours. The solvent was distilled off from the reaction mixture, 
and water (300 ml) was added to the residue. The mixture was stirred for a while. The insoluble matter was filtered off 
and dried in a dessicator under vacuum. The obtained mass was washed with ether, filtered off, dried, dissolved in a 

2S developing solvent (chloroform:methanob95:5) and purified over a silicagel column (chloroform:methanol=95:5). The 
first etuting colorless fractions were pooled, and the solvent was distilled off to give 4,6,4'.6''diO-(tetraisopropyldisi- 
loxane-1.3<Jiyl)-a,a-trehalose (2) (2.06g, yield 40%) in the form of white solid, m.p. 222-224*C. 

A suspension of 4,6.4',6'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a,a-trehalose (2)(2.05 g, 2.48 millimole) in dry N, 
N-dimethylformamide (1 20 ml) was warmed to 70°C to dissolve, then pyridine hydrochloride (601 .8 mg, 5,21 millimole) 

30 was added thereto. The mixture was allowed to react at room temperature for 72 hours. The solvent was distilled of! 
from the reaction mixture, and the obtained residue was dissolved in chloroform. The organic phase was successively 
washed with saturated aqueous sodium bicarbonate and saturated sodium chloride solution, and dried over anhydrous 
sodium sulfate. The solvent was distilled off from the filtrate. The residue was dissolved in a developing solvent (chlo- 
roform:methanol=95:5), and purified over a silicagel column (chloroform:methanol=95:5). The fast eluting fractions 

35 comprising impurities were discarded and the later coioriess fractions were pooled, and the solvent was distilled off 
from the solution to give a mixture (1.14 g) of 3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a,a-trehalose and other 
isomers. 

The mixture (1 .14 g) was dissolved In dry pyridine (10 ml) and combined with trityl chloride (786.2 mg, 2.82 milli- 
mole). The mixed solution was allowed to react at room temperature for 72 hours, and the solvent was distilled off 

40 therefrom. The residue was dissolved in benzene (some insoluble matter was present and filtered off), and purified 
over a silicagel column (benzene). The fast eluting fractions comprising impurities were discarded, and then the de- 
veloping solvent was changed (bezene:ethyl acetate=95:5), and the colorless fractions from the second fraction were 
pooled. The solvent was distilled off to give 3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose (8) 
(508 mg) in the form of white foamy solid. The developing solvent was further changed (chloroform:methanol=95:5) 

4S and the compound before tritylation (as a mixture) was recovered and tritylated as described above to give 3,4,3',4'- 
di-0-(tetraisopropyldisiloxane-1 .3-diyl)-6-0-trityl-a,a-trehalose (8), which was combined with already obtained product 
(773 mg. yield 51%), m.p. 68-72*C. 

Example ii-1. 

so 

Preparation of 2.6'-di-0-decanovl-a.a-trehalose (lc-21 

To a solution of 3,4,3',4'-di-0-(tetraisopropyldlsiloxane-1,3-diyl)-6-0-trltyl-a,a-trehalose (8) (200 mg, 0.19 milli- 
mole) and n-capric acid (86.1 mg, 0.49 millimole) dissolved in dry methylene chloride (8 ml) were added 4-dimethyl- 
55 aminopyridine (31.5 mg, 0.25 millimole) and N.N'-dicyclohexylcarbodiimide (101.1 mg, 0.49 millimole) successively, 
and the mixture was allowed to react at room temperature for 21 hours. The precipitates formed in the reaction mixture 
were filtered off by suction, and the solvent was distilled off from the filtrate. The residue was dissolved in a developing 
solvent (n-hexane: ethyl acetate=9: 1 ) (containing some insoluble mass), and purified over a silicagel column (n-hexane: 
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ethyl acetate=9:1) to give 2.6'-dl-0<Jecanoyl-3.4,3\4'-dj-0-(tetraisopropyldjsiloxane-1,3-diyl)-60-trltyl-a,a-treh^ 
(9) (167.8 mg) as a mixture. The mixture was fractionated through thin layer chromatography (developing solvent: n- 
hexane:ethyl acetate=9:1) to give pure 2,6'-di-0-decanoyl-3.4,3\4'-di-0-(tetraisopropyldis!loxane-1.3-diylj)-6-0-trityl- 
a,a-trehalose (9) (119.5 mg). 

5 Then. 2,6*-di-0-decanoyl-3,4.3',4'-di-0-(tetraisopropyl-disiloxane-1,3-diyl)-6-0-trityl-a.a-trehalose (9) (119.5 mg, 

0.087 milllmole) was dissolved in 1 M tetrabutylammonium fluorldeAetrahydrofuran solution (3 ml), and the solution was 
allowed to react at room temperature for 30 minutes. The solvent was distilled off and the residue was dissolved in 
chloroform. The organic phase was successively washed with saturated aqueous ammonium chloride and water, and 
dried over anhydrous sodium sulfate. The solvent was distilled off and the residue was dissolved in a developing solvent 

10 (chloroform:methanol=9:1) and purified over a silicagel column (chloroform:methanol=9:1). The fast eluting fractions 
comprising impurities were discarded and pale yellow fractions were pooled, and the solvent was evaporated off from 
the pooled fractions to give the desilylated product, i.e. 2.6'-di-0-decanoyl-6-0-trity(-a,a-trehalose (10) (77.7 mg). 

The viscous 2,6'-di-0-decanoyl-6-0-trityl-a,a-trehalose (10) was dissolved in dry ethanol (2 ml) and dry methylene 
chloride (2 ml), and combined with palladium black (150 mg). The mixture was hydrogenated at room temperature for 

15 21 hours. The palladium black was filtered off and the solvent was distilled off. The residue was dissolved in a developing 
solvent (chloroform:methanol=8:2), and purified over a sitteagel column (chloroform: methanol=8:2). The fast eluting 
fractions comprising impurities were discarded and colorless fractions were pooled. The solvent was removed from 
the solution to give 2.6'-di-0-decanoyl-a,a-trehalose (lc-2) (20.2 mg, yield 17% started from (8)) in the form of white 
solid. 

20 

Example ii-2 

Preparation of 2.6'-dt-0-oleovl-a,a'trehalose (lc-5) 

2S To a solution of 3,4,3\4'-di-0-(tetraisopropyldisiloxane-1.3-diyl)-6-0-trityl-a,a-trehatose (8) (300 mg, 0.28 milli- 

mole) dissolved In dry methylene chloride (8 ml) were added oleic acid (0.23 ml, 0.73 mlllimole), 4-dlmethylaminopy- 
ridine (41.5 mg, 0.34 millimole) and N,N'-dicyclohexylcarbodiimide(1 50.6 mg, 0.73 milllmole) successively. The mixture 
was allowed to react at room temperature for 18 hours, and the formed precipitates were filtered off by suction, and 
the solvent was distilled off from the reaction mixture. The obtained residue was dissolved in a developing solvent (n- 

30 hexaneiethyl acetate=9:1) (containing some insoluble residue) and purified over a silicagel column (n-hexane: ethyl 
acetate=9:1) to give pure 2,6'-diO-oleoyl-3.4,3\4'KJi-0-(tetralsopropyldisiloxane-1,3<liyl)-6-(>trityl-oc.a-trehalose (9) 
(144.1 mg). 

Then, 2.6'-di-0-oleoyl-3,4,3\4*-di-0-(tetraisopropyl-disiloxane-1.3-d!yl)-6-0-trityl-a.a-trehatose (9) (144.1 mg. 
0.09 millimole) was dissolved in 1 M tetrabutylammonium fluorideAetrahydrof uran solution (8 ml), and the solution was 

35 allowed to react at room temperature for 30 minutes. The solvent was distilled off and the residue was dissolved in 
chloroform, and then the organic phase was successively washed with saturated aqueous ammonium chloride and 
water, and dried over anhydrous sodium sulfate. The solvent was distilled off and the residue was dissolved in a de- 
veloping solvent (chloroform: methanol=95:5), and purified over a silicagel column (chloroform:methanol=95:5) to give 
desilylated product of (9), 2.6'-di-0-oleoyl-6-0-trityl-a,a-trehalose (10) (100.2 mg). 

40 The viscous product, 2,6'-di-0-decanoyl-6-0-trityl-a,a-trehalose (10), was dissolved in a mixed solvent of dry 

1,2-dichloroethane (4 ml) and dry methanol (2 ml), and combined with p-toluenesulfonic acid monohydrate (5.7 mg, 
o!o3 millimole). The mixture was allowed to react at room temperature for 2 hours. The solvent was distilled off from 
the reaction mixture, and the residue was dissolved in a developing solvent (chloroform : methanol = 8:2), and purified 
over a silicagel column (chloroform : methanol = 8:2). The fast eluting fractions comprising impurities were discarded 

45 and the following colorless fractions were pooled. The solvent was distilled off to give 2,6'-di-0-oleoyl-a,a-trehalose 
(lc-5) (34.2 mg, yield 1 4% based on (8)) In the form of colorless viscous product. 

Example ii-3) 

so Preparation of 2.6'-di-O-f9.10-epoxvstearovh-a.a-trehalose (lce-1) 

To a solution of 70% m-chloroperbenzoic acid (61.6 mg, 0.25 millimole) dissolved in chloroform (6 ml) with ice 
cooling was added 2.6*-di-0-oleoyl-a.a-trehalose (lc-5) (67.3 mg. 0.077 millinnole) in chloroform (6 ml) dropwise under 
the same conditions. The mixture was allowed to wami to room temperature and to react for 4 hours. Chloroform (4 
55 ml) was added to the reaction mixture, and the organic phase was successively washed with 10% aqueous sodium 
sulfite solution, saturated aqueous sodium bicarbonate solution, water and saturated aqueous sodium chloride solution 
and dried over sodium sulfate. The solvent was distilled off from the filtrate to give 2.6'-di-O-(9,10-epoxystearoyl)-a,a- 
trehalose (lce-1) (41.7 ml, yield 8% started from (8)) in the form of colorless viscous product. 
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Example il-4 

Preparation of 2-0-oleovl-6'-0-pentadecanovl-a.atrehalose (ic-8) 

5 A mixture of 3,4,3\4'-di-0-(tetralsopropyldisi!oxane-1,3-diyl)-6-0-trityl-a,a-trehalose (8) (300 mg. 0.28 millimole) 

and n-pentadecanoic acid (82.4 mg, 0.34 millimole) was dissolved In dry methylene chloride (8 ml), and 4-dimethyl- 
aminopyridine (21 .4 mg, 0. 1 7 mllllnnole) and N,N'-dicyclohexylcarbodiimide (70.2 mg, 0.34 millimole) were successively 
added thereto. The mixture was allowed to react at room temperature for 15 hours. The precipitates formed in the 
reaction mixture was filtered off by suction from the reaction mixture and the solvent were distilled off from the filtrate. 

10 The residue was dissolved in a developing solvent (n-hexane:ethylacetate=9:1 ) and purified over a silicagel column 
(n-hexane:ethylacetate=:9:1 ). The fast etuting fractions comprising impurities were discarded. The latter colorless frac- 
tions were pooled and the solvent was distilled off to give 6'-0-pentadecanoyl-3.4,3',4'-di-0-(tetraisopropyldisiloxane- 
1 ,3-diyl)-6-0-trityl-a,a-trehalose (212 mg) in the form of white foamy solid. To a solution of 6'-0-pentadecanoyl-3,4,3', 
4'-di-0-(tetraisopropyldisiloxane-1,3-dtyl)-6-0-trityl-a.a-trehalose (212 mg. 0.16millimole) dissolved in dry methylene 

15 chloride (8 ml) were added oleic acid (0.06 ml, 0.19 millimole). 4-dimethylaminopyridine (12.3 mg. 0.1 millimole) and 
N,N*-dicyclohexylcarbodilmide (39.2 mg. 0.19 millimole) successively and the mixture was allowed to react at room 
temperature for 19 hours. The precipitates formed in the reaction mixture was filtered off by suction and the solvent 
was distilled off from the filtrate. The residue was dissolved In a developing solvent (n-hexane: ethyl acetate=9:1) (con- 
taining some insoluble mass) and purified over a silicagel column (n-hexane: ethyl acetate=9:1) to give 2-O-oleoyl -6'- 

20 o-pentadecanoyl-3,4.3'.4'-di-0-(tetraisopropyldisiloxane-1 .3-diyl)-6-0-trityl-a,a-trehalose (9) (1 04.7 mg) as a mixture. 
The mixture was fractionated through thin layer chromatography (a developing solvent; n-hexane:ethyl acetate=9:1) 
to give pure 2-0-oleoyl-6'-0-pentadecanoyl-3,4,3'.4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose 
(9) in the form of colorless viscous pure product (77.9 mg). 

Then, 2-0-oleoyl-6'-0-pentadecanoyl-3.4,3',4'-di-0-(tetralsopropyldisiloxane-1,3-diyl)-6-0-trityl-a,a-trehalose (9) 

25 (77.9mg, 0.05 millimole) was dissolved in 1M tetrabutylammonium fluorideAetrahydrofuran solution (4 ml) and the 
mixture was allowed to react at room temperature for 30 minutes. The solvent was distilled off from the reaction mixture 
and chloroform was added to dissolve the residue. The organic phase was successively washed with saturated aqueous 
ammonium chloride solution and water and dried over sodium sulfate. The solvent was distilled off. The obtained 
residue was dissolved in a developing solvent (chloroform:methanol=95:5), and purified over a silicagel column (chlo- 

30 roform:methanol=95:5). The fractions comprising impurities were discarded and colorless fractions were pooled The 
solvent was distilled off to give desilylated product 2-0-oleoyl-6'-0-pentadecanoyl-6-0-trltyl-a.a-trehalose (10) (53.7 
mg). The obtained 2-0-oleoyl-6'-0-pentadecanoyl-6-0-trityl-a,a-trehalose (1 0) was dissolved in a mixed solvent of dry 
1,2-dlchloroethane (4 ml) and dry methanol (2 ml) and combined with p-toluenesulfonic acid monohydrate (9.51 mg, 
0.05 millimole). The mixture was allowed to react at room temperature for 2 hours. The solvent was distilled off from 

35 the reaction mixture. The residue was dissolved in a developing solvent (chloroform:methanol=8:2) and purified over 
a silicagel column (chloroform: methanob8:2). The fast eluting fractions comprising impurities were discarded and 
colorless fractions were pooled. The solvent was distilled off to give 2-0-oleoyl-6'-0-pentadecanoyl-a,a-trehalose (Ic- 
8) (21 .7 mg. yield 10% based on (8)) in the form of colorless viscous product. 

40 Example ii-5 

Preparation of 6'-0-corvnomvcotovl-2-0-pentadecanoyl-a.a-trehalose (Ict9) 

To a solution of 3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose (8) (300 mg, 0.28 milli- 
45 mole) dissolved in dry methylene chloride (5 ml) were added 3-O-benzylcorynomycolic acid (328.7 mg, 0.56 millimole) 
in dry methylene chloride (3 ml). 4-dimethylaminopyridine (34.6 mg, 0.28 millimole) and N.N'-dicyclohexylcarbodilmide 
(117.9 mg, 0.56 millimole) successively, and the mixture was allowed to react at room temperature for 23 hours. The 
precipitates formed in the reaction mixture were filtered off by suction, and the solvent was distilled off from the filtrate. 
The residue was dissolved in a developing solvent (n-hexane: ethyl acetate=9:1 ) (containing some insoluble mass) and 
so purified over a silicagel column (n-hexane: ethyl acetate=9:1). The fast eluting fractions comprising impurities were 
discarded and colorless fractions were pooled. The solvent was distilled off to give 6'-0-(3-0-benzylcorynomycoloyl)- 
3,4,3*,4'-di-0-(tetraisopropyldisiloxane-1,3-diyl)-6-0-trityl- a.a-trehalose (458.8 mg) in the form of white viscous prod- 
uct. The obtained 6'-0-(3-Obenzyl-corynomycoloyl)-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1,3-diyl)-6-0-trityl-a,a- 
trehalose was dissolved in dry methylene chloride (8 ml) and n-pentadecanoic acid (101.8 mg, 0.42 millimole), 4-dimeth; 
55 ylaminopyridine (34.6 mg. 0.28 millimole) and N,N'-dicyclohexylcarbodllrrilde (86.7 mg, 0.42 millimole) were succes- 
sively added thereto, and then the mixture was allowed to react at room temperature for 19.5 hours. The precipitates 
formed in the reaction mixture was filtered off by suction and the solvent was distilled off from the filtrate. The residue 
was dissolved In a developing solvent (n-hexane: ethyl acetate=95:6) and purified over a silicagel column (n-hexane: 
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ethyl acetate=95:5) to give 6'-0-(30-ben2yl-corynomycoloyl)-20-pentadecanoy!-3,4,3\4'-di-0-(tetraisopropyldisi- 
loxane-1 ,3-djyl)-6-0-trityl-a,a-trehalose as a mixture. The mixture was fractionated through thin layer chromatography 
(a developing solvent:n-hexane: ethyl acetate=95:5) to give pure 6'-0-(3-0-benzyl-corynomycoloyl)-2-0-pentade- 
canoyl-3.4,3\4'-di-0-(tetraisopropyldisiloxane-1 .3-diyl)-6-0-trity!-a,a-trehalose (9) (229.4 mg) in the form ot colorless 
s viscous product. 

Then. 6'-0-(3-0-benzyl-<:orynomycoloyl)-2-0-pentadecanoyl-3.4.3',4'-di-0-(tetraisopropyldislloxane-1.3-diyl)- 
6-0-trityl-a,a-trehalose (9) (229.4 mg, 0.123 millimole) was dissolved in 1 M tetrabutylammonium fluoride in tetrahy- 
drofuran solution (8 ml) and the mixture was allowed to react at room temperature for 30 minutes. The solvent was 
distilled off from the reaction mixture and the obtained residue was dissolved in chloroform. The organic phase was 

10 successively washed with saturated aqueous ammonium chloride solution and water and dried over sodium sulfate. 
The solvent was distilled off and the residue was dissolved In a developing solvent (chlorofomi:methanol=95:5) and 
purified over a silicagel chromatography (chloroform:methanol=95:5). The fast eluting fractions comprising impurities 
were discarded and colorless fractions were pooled. The solvent was distilled off to give the desilylated product, i.e. 
6'-0-(3-0-benzyl-corynomycoloyl)-2-0-pentadecanoyl-6-0-trityl-a,a-trehalose (10) (169.5 mg). The obtained 6'-0- 

is (3-0-ben2yl-corynomycoloyl)-2-0-pentadecanoyl-6-0-trityl-a,a-trehalose was dissolved in a mixed solvent of dry 
methylene chloride (3 ml) and dry ethanol (3 ml), and the mixture was hydrogenated over palladium black (169.5 mg) 
at room temperature for 15 hours. The palladium black was filtered off from the reaction mixture and the solvent was 
distilled off from the filtrate. The residue was dissolved in a developing solvent (chloroform:methanol=9:1) and frac- 
tionated over a silicagel column (chloroform:methanol=9:1 ). The fast eluting fractions comprising impurities were dis- 

20 carded and colorless fractions were pooled. The solvent was distilled off to give 6'-0-corynomycoloyl-2-0-pentade- 
canoyl-a,a-trehalose (lc-9) (61 .4 mg, yield 28%) In the white foamy solid. 

Example ii-6 

25 Preparation of 6'-0-(3-hvdroxv-2-n-tetradecanvl-11 -icosenvn-2-O-pentadecanovl-a.a-trehalose (lc-1 3) 

To a solution of 3,4,3\4'-dl-0-(tetraisopropykiisiloxane-1 ,3-diyl)-6-0-trityl-a,a-treha!ose (8) (500 mg, 0.467 millimole) 
dissolved in dry methylene chloride (5 ml) were added 3-(t-butyldimethylsi1y1oxy)-2-n-tetradecanyl-11-icosenic acid 
(387.2 mg, 0.607 millimole) in dry methylene chloride (2 ml), 4-dimethylaminopyridine (37.1 mg, 0.304 millimole) and N, 

30 N'-dicyclohexylcarbodiimide (1 25.4 mg, 0.607 millimole) successively and the mixture was allowed to react at room tem- 
perature for 23 hours. The precipitates formed in the reaction mixture were filtered off by suction and the solvent was 
distilled off from the filtrate. The residue was dissolved in a devebping solvent (n-hexane: ethyl acetate=g3:7) and purified 
over a sllteagel column (n-hexane: ethyl acetate=93:7). The fast eluting fracttons comprising impurities were discarded 
and colorless fractions were pooled. The solvent was distilled off to give 6'-0-(3-(t-butyldimethylsily loxy)-2-n-tetradecanyl- 

35 ll.|cosenoyl]-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1,3-diyl)-6-0-trityl-a.a-trehalose (580 mg)in the form of colorless 
viscous product. Then, 6'-0-[3-(t-butyldimethylsilyloxy)-2-n-tetratadecanyl-ll-icosenoyl]-3,4,3\4'HdiO-(tetraisopropyl<l 
ilQxane-T,3-diyl)-6-0-trityl-a,a-trehalose was dissolved in dry methylene chloride (7 ml) and n-pentadecanoic acid (125 
mg, 0.515 mlllinrrale), 4-dimethylaminopyridine (31.5 mg. 0.258 millimole) and N.N'-dicyclohexylcarbpdIimide (106 mg, 
0.515 millimole) were successively added thereto. The mixture was allowed to react at room temperature for 39 hours. 

40 The precipitates fomned in the eaction mixture was filtered off by suction and the solvent was distilled off from the filtrate. 
The residue was dissolved in a developing solvent {n-hexane:ethyl acetate=95:5) and purified over a silicagel column (n- 
hexane:ethyl acetate=95:5). The fast eluting fractions comprising impurities were discarded and colorless f ractbns were 
pooled and the solvent was distilled off. The obtained viscous product was again fractbnated through preparative TLC 
(a developing solvent; n-hexane:ethyl acetate=:9:1) to give 6*-0-[3-(t-butyldimethylsilyloxy)-2-n4etradecanyl-11-icose- 

45 noyl)-2-0-pentadecanoyl-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose (9) (470 mg) as a mix- 
ture. The mixture (9) (470 mg) was dissolved in a mixture of dry tetrahydrofuran (1 0 ml), dry acetonitrile (1 0 ml) and water 
(1 ml), and 1M tetrabutylammonium fluoride in tetrahydrofuran (5 ml) was added thereto. The mixture was allowed to 
react at room temperature for 1 .5 hours and combined with chloroform (1 00 ml). The mixture was washed with water and 
dried over anhydrous sodium sulfate. The inorganic salt was filtered off and the solvent was distilled off from the filtrate. 

50 The residue was dissolved in a developing solvent (chloroform: methanol=:95:5) and was purified over a silicagel column 
(chloroform:methanol=95:5). The fast eluting solution comprising impurities were discarded and coloriess fractions were 
pooled. The solvent was distilled off to give pure 6'-0-[3-(t-butyklimethylsilyloxy)-2-n-tetradecanyl-1 1 -icosenoyl-]-2-0-pen- 
tadecanoyl-6-0-trityl-a,a-trehalose (10) (200 mg) intheformof white viscous foam. Then, 6*-0-[3-(t-butyldimethylsilyloxy)- 
2-n-tetradecanyl-11-icosenoyl)-2-0-pentadecanoyl-6-0-trityl-a,a-trehalose (10) was dissolved in acetic acid (50 ml) and 

55 water (5.0 ml) was added thereto. The mixture was allowed to react at 90°C for 1 hour, and the solvent was distilled off 
from the reaction mixture. The residue was dissolved in a developing solvent (chloroform: methanol=9: 1 ) and purified over 
a silicagel column (chloroform: methanol=9: 1 ). The fast eluting solution comprising impurities were discarded and colorless 
fractions were pooled. The solvent was distilled off to give 6'-0-(3-hydroxy-2-n-tetradecanyl-1 1 -icosenoyl)-2-0-pentade- 



28 



EP 0 356 1 54 B1 



canoyl-a,a-trehalose (lc-13) (85 mg, yield 17.0%) In the form of white waxy solid. 

As the other compounds (Ic) according to this invention, the following compounds were prepared as described in 
either of the above Examples (from Example 11-1 to Example ii-6). 

5 2,6'-Di-0-hexanoyl-a,a-trehalose (lc-1 ). 

2,6'-Di-0-pentadecanoyl-a,a-trehalose (lc-3), 

2,6'-DI-0-tcosanoyl-a,a-trehatose (lc-4), 

2,6'-Di-0-(9, 1 2-octadecadienoyl)-a,a-trehalose (lc-6), 

2,6'-Di-0-corynomycoloyl-a,a-trehalose (lc-7), 
10 6'-0-(3-Hydroxy-2-tetradecanyl-docosanoyl)-2-0-pentadecanoyl-a,a-trehalose -trehalose (lc-10). 

2-0-(9,l2-Octadecadienoyl)-6'-0-oleoyl-a,a-trehalose (lc-1 1 ) 

6'-0-Palmitoyl-2-0-pentadecanoyl-a,a-treha!ose (lc-1 2) 

6'-0-(3-Hydroxy-2-n-tetradecanyl-1 1 -icosenoyl)-2-0-oleoyl-a,a-trehalose (lc-1 4) 

2-0-Oleoyl-6*-0-retlnoyl-a,a-trehalose (lc-1 5) 

IS 

(Process ill) 

Reference Example ili-1 

20 Preparation of 4.6.4'.6''di-0-benzvlidene-2,3-di-0-oleoyl-2\3'-0-(tetraisopropvldisiloxane-1 .3-djvn-a.a -trehalose (11) 

To a solution of 4,6.4',6'-di-0-benzylidene-2,3-0-(tetraisopropyldisiloxane-1,3-diyl)-a,a-trehalose (3) (1.0 g, 1.31 
mlllimole) dissolved In dry methylene chloride (31.6 ml) were added oleic acid (1.01 ml, 3.15 mlillmole). 4-dimethyl- 
aminopyridine (193 mg, 1 .58 millimole) and N.N'-dicyclohexylcarbodiimide (650 mg. 3.15 millimole) successively and 
25 the mixture was allowed to react at room temperature for 1 5 hours. The insoluble matter formed in the reaction mixture 
was filtered off by suction and the solvent was distilled off from the filtrate. The residue was purified over a silicagel 
column (benzene) to give 4,6,4'.6'-di-0-ben2ylidene-2.3-dl-0-oleoyl-2',3'-0-(tetraisopropyldlsiloxane-l ,3-diyl)-a.a-tre- 
halose (11 ) (1.61 g, yield 95.2%) in the form of coloriess oil. 

30 Reference Example iii-2 

Preparation of 2.3-di-Q-oleovl-a.a-trehalose (ld-1) 

To a solution of 4,6.4',6*-di-0-benzylidene-2.3-di-0-oleoyl-2',3'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a,a-trehalose 
35 (11) (355.6 mg, 0.276 millimole) dissolved in a mixed solvent of dry tetrahydrof uran (1 3.2 ml), dry acetonitrile (1 3.2 ml) 
and water (1 .32 ml) was added 1 M tetrabutylammonlum fluoride In tetrahydrof uran (2.76 ml). The mixture was allowed 
to react at room temperature for 2 hours and combined with chloroform (200 ml). The mixture was washed with water 
and dried over anhydrous sodium sulfate. The inorganic salt was filtered off and the solvent was distilled off from the 
filtrate. The residue was purified over a silicagel column (benzeneiethyl acetate=7:3) to give desllylated product (275.1 
40 rng) in the form of white viscous foam. 

The desllylated product (245.8 mg) was dissolved in acetic acid (44.4 ml) and water (4.9 ml) was added thereto. 
The mixture was allowed to react at 90 ''C for 1 hour, and the solvent was distilled off from the reaction mixture. The 
residue was purified over a silicagel column (chloroform;methanol=8:2) to give 2,3<ii-0-oleoyl-a,a-trehalose (ld-1) 
(143.5 mg, yield 66.8%) in the form of white viscous foam, m.p. 102-113'*C. 
45 The compounds (Id), i.e. 2,3-di-0-pentadecanoyl-a,a-trehalose (ld-5), 2,3-di-0-(12-hydroxy-stearoyl)-a,a-treha- 

lose (ld-9) and 2.3-di-0-(g. 1 2-octadecadlenoyl)-a.a-trehalose (ld-1 2) were prepared as described In the above Exam- 
ples. 

Reference Example lli-3 

so 

Preparation of 2.3-dl'0(9.10-epoxvstearovn-aa-trehalose (Ide-I) 

A solution of 2.3-di-0-oleoyl-a,a-trehalose (Id) (69.7 mg, 0.08 millimole) in chloroform (6 ml) was added dropwise 
to m-chloroperbenzoic acid (64.1 mg. 0.26 millinole) in chloroform (6 ml) with Ice cooling and the mixture was altowed 
55 to warm to room temperature and to react for 4 hours. Chloroform (40 ml) was added thereto. The reaction mixture 
was successively washed with 1 0% sodium sulfite solution, saturated aqueous sodium bicarbonate solution, water and 
saturated aqueous sodium chloride solution and then was dried over anhydrous sodium sulfate. The inorganic salt was 
filtered off and the solvent was removed from the filtrate. The residue was fractionated through preparative TLC (ben- 
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zeneiethyl acetate=6:4) and was extracted with a mixed solvent (chtoroform:methanol=8:2). The solvent was distilled 
off to give 2,3-di-O-(9,10-epoxystearoyi)-a,a-trehalose (lde-1) (44.3 mg, yield 61.3%) in the form of white waxy solid. 

(Process iv) 

5 

Reference Exannple iv-1 

Preparation of 2.3-di-0-oieovl-2'.3'-0-(tetraisopropvldisiloxane-1,3-divl-a.a-trehalose (12) 

10 To a solution of 4,6,4',6'-di-0-benzylidene-2,3-di-0-oleoyl-2',3'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a,a-trehalose 

(11 ) (1 .65 g, 1 .28 miltinnole) dissolved in acetic acid (290 ml) was added water (1 4.5 ml) and the mixture was allowed 
to react at 90^*0 for 1 hour. The solvent was distilled off from the reaction mixture and toluene was added to the residue 
and distilled off in order to completely remove acetic acid. The residue was purified over a siticagel column (benzene: 
ethyl acetate=65:35) to give 2,3-di-0-oleoyl-2',3'-0-(tetralsopropyldisiloxane-1,3-diyI)-<x,a-trehalose (12) (1.07 mg, 

IS yield 75.4%) in the form of white viscous foam. 

Example iv-2 

Preparation of 2.3-di-0-oleovl-2'.3'-0-(tetraisopropvldisiloxane-1.3-dlvl)-6-0-trltvl-a.a -trehatose (13) 

20 

A solution of 2.3-diO-oleoyl-2',3'-0-(tetraisopropyldisiloxane-1,3-diyl)-d.a-trehalose (12) (1.07 g, 0.96 millimole) 
dissolved in dry pyridine (16.6 ml) was combined with trityl chloride (482 mg, 1.73 millimole) and the mixture was 
albwed to react at room temperature for 87 hours (an additional trityl chloride (268 mg, 0.96 millimole) being added 
after 24 hours). The solvent was distilled off from the reaction mixture and benzene was added to the residue. The 
25 insoluble matter (trityl chloride) was filtered off by suction. The filtrate was purified over a silicagel column (benzene 
-> benzeneiethyl acetate=95:5) repurified over a siticagel column (n-hexane:ether=1:1) to give 2,3-di-0-oleoyl-2',3'- 
0-(tetraisopropyldisiloxane-1 ,3-diyi)-6-0-trityl-a,a-trehalose (1 3) (385 mg. yield 30%) in the form of colorless viscous 
product. 

30 Reference Example iv-3 

Preparation of 6'-0-(2-octvl-cvclopropane-octanovi)-2.3-di-0-oleol-2'.3'-0-(tetraisopropvldisiloxane-1 .3-divl) -6-0- 

tritvl-a.q-trehalose (14) 

35 To a solution of 2.3-di-0-oleoyl-2\3'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-0-trityl'a,a-trehalose (13) (425mg, 

0.31 3 millimole) dissolved in dry methylene chloride (5 ml) were added 2-octyl-cyclopropane-octanoic acid (11 1 .5 mg, 
0.376 millimole) in dry methylene chloride (1 ml), 4-dimethylaminopyridine (23.2 mg, 0.188 millimole) and N,N'-dicy- 
clohexylcarbodiimide (77.6 mg, 0.376 millimole) successively and the mixture was allowed to react at room temperature 
for 17 hours. The insoluble matter in the reaction mixture was filtered off by suction and the solvent was distilled off 

40 from the filtrate. The residue was purified over a silicagel column (benzene) to give 6'0-(2-octyl-cyclopropane-oc- 
tanoyl)-2,3-di'0-oleoyl-2',3'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-0-trityl-(x,a-trehalose (14) in the form of colorless 
viscous product. 

Reference Example iv-4 

45 

Preparation of 6'-0-f3-(t-butvl<iimethvlsiloxv)-2-n-tetradecanvl-11'icosenovn-2.3-di-Ooleol-2'.3'-0 - 
(tetraisopropvldisiloxane'1.3-divl)-6-0-tntvl'a,a -trehalose (14) 

To a solution of 2,3-di-0-ofeoyl-2',3'-0-(tetraisopropyldisiloxane-1,3-diyl)-6*0-trityl-a,a-trehaIose (13) (385 mg, 
50 0.28 millimole) dissolved in dry methylene chloride (2 ml) were added 3-(t-butyl-dimethylsilyloxy)-2-n-tetradecanyl- 
11-icosenoic acid (250 mg, 0.39 millimole) in dry methylene chloride (3 ml), 4-dimethylaminopyridine (22.5 mg, 0.18 
millimole) and N.N'-dicyclohexylcarbodiimide (76.2 mg. 0.37 millimole) successively and the mixture was allowed to 
react at room temperature for 1 6 hours. The solvent was distilled off and the residue was purified over a silicagel column 
(n-hexane:ethyl acetate=9:1 ) to give 6'-0-[3-(t-butyl-dimethylsilytoxy)-2-n-tetradecanyl-ll-lcosenoyl]-2,3-di-0-oleoyl-2', 
55 3'-0-(tetraisopropyldisiloxane-1 .3-diyl)-6-0-trityl-a,a-trehalose (14) (394 mg, yield 70.3%) in the form of colorless vis- 
cous product. 
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Example iv-1 

Preparation of 6'-0-(2-octvl-cvclopropane-octanovl)-2,3-di-Q-oleovl-a,a-trehalose (le-1) 

To a solution of 6'-0-(2-Octyl-cyclopropane-octanoyl)-2,3-di-0-oleoyl-2',3'-0-(tetraisopropyldisiloxane-1,3-diyl)- 
6-0-trityl-a,a-trehalose (14) (420 mg, as a mixture) dissolved in a mixed solvent of dry tetrahydrofuran (5 ml), dry 
acetonltrile (5 ml) and water (1 ml) was added 1 M tetrabutylammonlum fluoride In tetrahydrofuran (2.5 ml). The mixture 
was allowed to react at room temperature for 1 hour combined with chloroform (50 ml). The mixture was successively 
washed with saturated ammonium chloride solution and water and dried over anhydrous sodium sulfate. The inorganic 
salt was filtered off and the solvent was distilled off from the filtrate. The residue was purified over a sllicagel column 
(n-hexane:ethyl acetate=1:1) to give the desilylated product (305 mg) in the form of white viscous foam. 

The desilylated product (305 mg) was dissolved In a mixed solvent of dry 1 ,2-dichloroethane (8 ml) and dry meth- 
anol (4 ml), and combined with p-toluenesufonic acrd monohydrate (41 .8 mg, 0.22 mllllmole). The mixture was allowed 
to react at room temperature for 1 hour and the solvent was distilled off from the reaction mixture. The residue was 
purified over a silicagel column (chloroform:methanol=9:1) to give 6'-0-(2-octyl-cyclopropane-octanoyl)-2,3-di-0-ole- 
oyl-a,a-trehalose (le-1 ) (175 mg. yield 48.6% started from compound (1 3)) In the form of white viscous foam. 

The compounds (le) in the Table 1. i.e. 2.3-di-0-oleoyl-6'-0-pentadecanoyl-a.a-trehalose (le-7) was prepared as 
described in the above Examples. 

-> 

Example iv-2 

Preparation of 6'-0-(3-hvdroxv-2-n-tetradecanvl-11 -icosenovl)-2.3-di-Q-oleovl-a.a-trehalose (le-2) 

To a solution of 6'0-[3-(t-butyl-dimethylsllyloxy)-2-n-tetradecanyl-ll-icosenoyl]-2,3-diO-oleoyl-2',3'-0-(tetraiso- 
propyldisiloxane-1,3-diyl)-6-0-trityl-(x,a-trehalose (14) (390 mg, 0.197 millimole) dissolved in a mixed solvent of dry 
tetrahydrofuran (9.6 ml), dry acetonltrile (9.6 ml) and water (0.96 ml) was added 1 M tetrabutylammonlum fluoride In 
tetrahydrofuran (1 .9 ml). The mixture was allowed to react at room temperature for 1 hour and combined with chloroform 
(about 100 ml). The mixture was washed with water and dried over anhydrous sodium sulfate. The Inorganic salt was 
filtered off and the solvent was distilled off from the filtrate. The residue was purified over a silicagel column (benzene: 
ethyl acetate=6:4) to give desilylated product (292 mg) in the form of white viscous foam. 

The desilylated product (292 mg, 0.167 mllllmole) was dissolved in acetic acid (52.7 ml) and water (5.9 ml) was 
added thereto. The mixture was allowed to react at 90^*0 for 1 hour and the solvent was distilled off from the reaction 
mixture. The residue was purified over a sllicagel column (chlorofomi : methanoI=98:2) to give 6'-0-(3-hydroxy-2-n- 
tetradecanyl-11-icosenoyl)-2.3-di-0-oleoyl-a,a-trehalose (le-2) (110 mg, yield 40.8%) In the form of white waxy solid, 
m.p. 85-90*0. 

The compounds (le) in the Table 1, I.e. 2,3,6'-tri-0-pentadecanoyl-a,a-trehalose (le-4), 2,3,6-tri-0-(9,12-octadec- 
adienoyl)-a,a-trehalose -trehalose (le-5) and 2,3-di-0-pentadecanoyl-6'-0-oleoyl-a,a-trehalose (le-6) were prepared 
as described in the above Examples. 

(Process v) 

Reference Example v-1 

Preparation of 4.6.4'.6'-dl-0'benzvlidene-2-0-pentadecanovl-2'.3'-0-tetraisopropvidisiloxane-1 .3 -dlvlVaa-trehalose 

To a solution of 4,6,4',6*-dl-0-benzylidene-2'.3'-0-(tetraisopropyldisiloxane-1,3*diyl)-a,a-trehalose (3) (100 mg, 
0.13 millimole) dissolved in dry methylene chloride (3 ml) under argon atomosphere were added pentadecanoic acid 
(38 mg, 0. 158 milllnx)le), 4-dimethylamlnopyridlne (10 mg, 0.079 mllllmole) and N,N'-dicyclohexylcarbodllmide (32 mg, 
0.158 millimole) successively and the mixture was allowed to react at room temperature for 18.5 hours. The solvent 
was distilled off from the filtrate and the residue was purified over a silicagel column (benzene:ethyl acetate=95:5) to 
give 4.6,4',6'-dl-0-benzylidene-2-0-pentadecanoyl-2'.3'-0-(tetraisopropyldisiloxane-1,3-diyl)-a.a-trehalose (4) 
(118mg, yield 92.5%) in the form of coloriess oil. 
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Reference Example v-2 

Preparation of 4.6.4'.6'-di-Q-benzvlidene-2-0'Pentadecanovl-3-0-stearovl'2'.3'-0 -(tetraisopropvldisiloxane-1 .S-divh- 
a.a-trehalose (11) 

5 

To a solution of 4,6.4\6'<IIO-benzylldene-2-0-pentadecanoyl-2\3'0-(tetralsopropyldisiloxane-1,3-dlyl)-a,a-tre- 
halose (4) (408 mg, 0.414 millimole) dissolved In dry methylene chloride (6 ml) under argon atomosphere were added 
stearic acid (141.3 mg, 0.498 millimole), 4-dimethylamlnopyrldine (30.3 mg, 0.248 millimole) and N,N'-dicyclohexyl- 
carbodiimide (102.5 mg, 0.498 millimole) successively and the mixture was allowed to react at room temperature for 
10 3.5 hours. The solvent was distilled off from the reaction mixture and the residue was purified over a silicagel column 
(benzene) to give 4.6,4'.6'-di-0-benzylidene-2-0-pentadecanoyl-3-0-stearoyl-2',3'-0-(tetralsopropyldlslloxane-1 .3-di- 
yl)-a,a-trehalose)-a,a-trehalose (11) (433 mg, yield 87.7%) In the form of colorless viscous product. 

Reference Example v-3 

IS 

Preparation of 2-0-pentadecanovl-3-0-stearovl-2'.3'-0-(tetratsopropvldlsiloxane-1 ■3-divn-a.a-trehalose (12) 

A solution of 4,6.4'.6'-di-0-benzylidene-2-0-pentadecanoyl-3-0-stearoyl-2',3*-0-(tetralsopropyldisiIoxane-1 ,3-dl- 
yl)-a,a-trehalose (11) (910 mg, 0.76 millimole) dissolved in acetic acid (143.8 ml) was combined with water (8.6 ml) 
20 and the mixture was allowed to react at 90°C for 1 hour. The solvent was distilled off from the reaction mixture and the 
residue was purified over a silicagel column (benzenerethyl acetate=8:2 benzeneiethyl acetate=65:35) to give 2-0- 
pentadecanoyl-3-0-stearoyl-2',3'-0-(tetraisopropyldlsiloxane-1,3-diyl)-a,a-trehalose (12) (600 mg. yield 73.2%) in the 
form of colorless viscous foamy product. 

25 Example v-6 

Preparation of 2-0-pentadecanovl-3-0-stearovl-2'.3'-0-(tetraisopropvldisiloxane-1 .3-divn-6-0-tritvl-a.a -trehalose 
(13) 

30 A solution of 2-0-pentadecanoyl-3-0-stearoyl-2',3'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a.a-trehalose (12) (560 

mg, 0.52 millimole) dissolved in dry pyridine (9 ml) was combined with trityl chloride (261 .2 mg, 0.94 millimole) and the 
mixture was allowed to react at room temperature for 88 hours (an additional trityl chtoride (145.1 mg, 0.52 millimole) 
being added after 24 hours). The solvent was distilled off from the reaction mixture and the residue was purified over 
a silicagel column (benzene benzene:ethyl acetate=95:5). The product was further repurified over a silicagel column 

35 (n-hexane:ether=:1 : 1 ). The starting compound (1 2), if present, was recovered from the reaction mixture and treated as 
described above to give 2-0-pentadecanoyl-3-0-stearoyl-2',3'-0-(tetraisopropyldislloxane-1.3-dlyl)-6-0-trityl-a.a-tre- 
halose (13) (224 mg, yield 32.6%) in the form of colorless viscous product. 

Reference Example v-6 

40 

Preparation of 6'-0' 3-ben2vloxv-2'n-tetradecanvldocosanovl)-2-Q-pentadecanovl-30-stearovl-2'.3*-0 - 
(tetraisopropvldisitoxane-1 .3-diyl)-6-0-tritvl-a.a -trehalose (14) 

To a solution of 2-0-pentadecanoyI-3-0-stearoyl-2',3'-0(tetraisopropyldislloxane-1,3-diyl)-6(-0-trityl-a,a-treha- 
45 lose (13) (223.6 mg, 0.17 millimole) dissolved in dry methylene chloride (3 ml) under argon atmosphere were added 
3-benzyloxy-2-n-tetradecanyldocosanoic acid (141.8 mg, 0.22 millimole), 4-dimethylaminopyridlne (13.5 mg, 0.11 mil- 
limole) and N.N'-dicyclohexylcarbodiimide (45.5 mg, 0,22 millinrrole) successively and the mixture was allowed to react 
at room temperature for 16 hours. The solvent was distilled off from the reaction mixture and the residue was purified 
over a silicagel column (benzene) to give 6'-0-(3-benzyloxy-2-n-tetradecanyl-docosanoyl)-2-0-pentadecanoy 1-3-0- 
50 stearoyl-2'.3'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose (14) (324.6 mg, yield 98.5%) in the form of 
colorless viscous product. 

Example v-1 

55 Preparation of 6'-0-(3-hvdroxv-2-n-tetradecanvldocosanovl)-2-0-pentadecanovi-3-0-stearovl-a.a-trehalose (le-3) 

To a solution of 6'-0-(3-ben2yloxy-2-n-tetradecanyl-docosanoyl)-2-0-pentadecanoyl-3-0-stearoyl-2'.3'-0-(tetrai- 
sopropyldisiloxane-1.3-dlyl)-6-0-trityl-a.a-trehalose (14) (324.6 mg, 0,167 millimole) dissolved in a mixed solvent of 
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dry tetrahydrofuran (8.2 ml), dry acetonitrile (8.2 ml) and water (0.82 mi) was added 1 M tetrabutylammonium fluoride 
In tetrahydrofuran (1.6 ml). The mixture was allowed to react at room temperature for 2 hours and combined with 
chloroform (about 100 ml). The organic phase was washed with water and dried over anhydrous sodium sulfate. The 
Inorganic salt was filtered off and the solvent was distilled off from the filtrate. The residue was purified over a silicagel 

s column (benzeneiethyl acetate=1:1) to give desllylated product (284.1 mg) In the form of colorless viscous foam. 

The desllylated product (284.1 mg) was dissolved In a mixed solvent of dry methylene chbride (3 ml) and dry 
methanol (3 ml), and the mixture was combined with palladium black (324.6 mg) and hydrogenated at room temperature 
for 16 hours. The palladium black was filtered off from the reaction mixture and the solvent was distilled off from the 
filtrate. The residue was purified over a silicagel column (chloroform:methanol=95:5) to give 6'-0-(3-hydroxy-2-n-tet- 

10 radecanyl-docosanoyl)-2-0-pentadecanoyl-3-0-steardyl-a,a-trehalose (16-3) (177.5 mg, yieW 77.7%) In the form of 
white solid, m.p. 83-90'C. 

(Process vl) 

is Reference Example vl-1 

Preparation of 3.4.3'.4'-di-0'(tetralsopropyldislloxane-1 .3*divl)-a,a-trehalose (15) 

A solution of 3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-6-0-trityl-a,a-trehalose (8) (1 .0 g, 0.94 millimole) dis- 
20 solved In the mixed solvent of dry 1 .2-dichloroethane (30 ml) and dry methanol (15 ml) was combined with p-tolue- 

nesulfonic acid monohydrate (59 mg, 0.31 millimole). The mixture was allowed to react at room temperature for 1 hour. 

The solvent was distilled off from the reaction mixture and the residue was purified over a silicagel colunrin (chloroform: 

methanol=95:5) to give 3,4,3',4'-di-0-(tetralsopropyldislloxane-1 ,3-dlyl)-a,a-trehalose )-a,a-trehalose (15) (360.0 mg, 

yield 46.5%) in the form of white solid, m.p. 207-209'*C. 
25 iR(v^axKBr.cm-i); 

3450, 2940,2860 

la]D23;+1 40.82 (C=0.11. CHCI3) 

1H-NMR(CDCI3,6); 

0.58-2.41 (m, 56H, -Si-CH=(CH3)2 
30 3.28-4.28 (m, 16H, glucoslde-H) 

5.18(d, 2H,anomerH) 

Reference Example vi-2 

35 Preparation of 3,4,3',4'-di-0-tetraisopropvldlsiloxane-1 .3-divl)-2.6.6''tri-Q-decanovl-a.a-trehalose (16) 

To a solution of 3,4,3',4'-di-0-(tetralsopropyldlsiloxane-1 ,.3-dlyl)-a,a-trehalose (15) (216 mg, 0,26 millimole) and 
n-capric acid (175.8 mg, 1 .01 millimole) dissolved in dry methylene chloride (10 ml) were added 4-dimethylaminopy- 
ridine (48.1 mg, 0.39 millimole) and N,N'-dicyclohexylcarbodiimide (208.4 mg, 1.01 millimole) successively and the 
40 mixture was allowed to react at room temperature for 17 hours. The insoluble matter in the reaction mixture was filtered 
off by suction and the solvent was distilled off. The residue was purified over a silicagel column (n-hexane:ethyl ace- 
tate=9:1) to give 3,4,3',4'-di-0-(tetraisopropyldlsiloxane-1,3-diyl)-2,6,6'-trl-0-decanoyl-a,a-trehalose (16) (147 mg, 
yield 43.8%) In the form of colorless viscous product. 

45 Example vi-1 

Preparation of 2.6.6Mri-0-decanovl-a.a-trehalose (lf-1) 

A solution of 3.4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-2,6,6'-tri-0-decanoyl-a,a-trehalose (16) (147 mg, 
so 0.114 millimole) dissolved in IM tetrabutylammoniumfluoride/ tetrahydrofuran solution (5 ml) was allowed to react at 
room temperature for 30 minutes. The solvent was distilled off from the reaction mixture and saturated aqueous am- 
monium chloride solution was added to the residue. The solution was extracted with chloroform. The organic phase 
was washed with water and dried over anhydrous sodium sulfate. The inorganic salt was filtered off and the solvent 
was distilled off from the filtrate. The residue was purified over a silicagel column (chloroform:methanol=9:1) to give 
55 2,6,6'-tri-0-decanoyl-a,a-trehalose (lf-1 ) (70.4 mg, yield 76.7%) in the form of colorless viscous product. 

The compound (If) in the Table 1, i.e. 2.6,6'*trl-0-pentadecanoyl-a,a-trehalose (lf-3) was prepared as described 
in the above Examples. 
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(Process vli) 
Reference Example vii-1 

5 Preparation of 6.6'<iiO-(30-berizvlcorvnomvcolovl-3.4.3\4''diO-(tetraisopropyldisiloxane-1.3-divl)-a.a-trehab^ 

To a solution of 3,4,3',4'-diO-(tetraisopropyldisiloxane-1,3-diyl)-a,a-trehalose )-a,a-trehalose (15) (200 nng, 0.24 
millimole) dissolved in dry methylene choloride (5 ml) were added 3-O-benzylcorynomycolic acid (340.4 mg, 0.58 

10 millimole) in dry methylene chloride (3 ml), 4-dimethylamlnopyridine (35.8 mg, 0.29 millimole) and N.N'-dicyclohexyl- 
carbodiimide (11 9.7 mg, 0.58 millimole) successively and the mixture was allowed to react at room temperature for 16 
hours. The insoluble matter in the reaction mixture was filtered off by suction and the solvent was distilled off from the 
filtrate. The residue was purified over a silicagel column (n-hexane: ethyl acetate=9:1) to give 6,6'-dl-0-(3-0-benzylc- 
orynomycoloyl)-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1.3-diyl)-a.a-trehalose (17) (384 mg) in the form of colorless 

IS viscous product. 

Reference Example vji-2 

Preparation of 6.6'-di-0-(3-0-benzvlcorvnomvcolovl)-3.4.3'.4'-di-0-(tetraisopropvldisiloxane-1 ,3<^\y\)-20 -palmitovl- 
20 gg-trehalose (16) 

To a solution of 6,6*-di-0-(3-0-benzylcorynomycoloyl)-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-a,a-treha- 
lose (384 mg) dissolved in dry methylene chloride (8 ml) were added palmitic acid (55.9 mg, 0.218 millimole), 4-dlmeth- 
ylaminopyridine (16.5 mg, 0.134 millimole) and N.N'-dicyclohexylcarbodiimide (45 mg, 0.218 millimole) successively 
25 and the mixture was allowed to react at room temperature for 19 hours. The insoluble matter in the reaction mbcture 
was filtered by suction and the solvent was distilled off from the filtrate. The residue was purified over a silicagel column 
(n-hexane:ethyl acetate=95:5) to give 6,6'-di-0(3-0-benzylcorynomycoloyl)-3.4,3',4'<ll-0-(tetraisopropyldlsiloxane- 
1 ,3-diyl)-2-0-palmitoyl-a,a-trehalose (16) (110.7 mg) (as a mixture), 

30 Example vii-2 

Preparation of 6.6'-di-0-corvnomvcolovl-2-0-palmitovl-a.a-trehalose (lf-2) 

A solution of 6,6'-di-0-(3-0-benzylcorynomycoloyl)-3,4,3',4'-di-0-(tetraisopropyldisiloxane-1 ,3-diyl)-2-0-palmi- 
3S toyl-a,a-trehalose (16) (110.7 mg) (mixture) dissolved in IM tetrabutylammoniumfluorideAetrahydrofuran solution (4 
ml) was allowed to react at room temperature for 30 minutes. The solvent was distilled off from the reaction mixture 
and saturated aqueous saturated ammonium chloride solution was added to the residue. The mixture was extracted 
with chloroform. The organic phase was washed with water and dried over anhydrous sodium sulfate. The inorganic 
salt was filtered off and the solvent was distilled off from the filtrate. The residue was purified over a silicagel column 
40 (chloroform: methanol=95:5) to give desilylated product in the form of colorless viscous product. 

The desilylated product was dissolved in a mixed solvent of dry methanol (1 .5 ml) and dry methylene chloride (1.5 
mi) Palladium black (140 mg) was added and the mixture was hydrogenated at room temperature for 19 hours. The 
palladium black was filtered off from the reactbn mixture and the solvent was distilled off from the filtrate. The reskJue 
was purified over a silicagel column (chloroform:methanol=9:1) to give 6.6*-di-0-corynomycoloyl-2-0-palmitoyl-a,a- 
45 trehalose -trehalose (lf-2) (60 mg, yield 16.3% based on the compound (1 5)) in the form of colorless viscous product. 
The compound (If) in the Table 1, i.e. 2,6,6'-tri-0-corynomycoroyl-a,a-trehalose (lf-4) was prepared as described 
in the above Examples. 

Example vill-1 

so 

Preparation of 2.3.6.6*-tetra-0-oleovl'a.a-trehalose (lg-1) 

To a solution of 2,3-dl-0-oleoyl-2',3'-0-(tetralsopropyldisiloxane-1,3-djyl)-a.a-trehalose (12) (570 mg, 0.512 milli- 
mole) dissolved in dry methylene chloride (1 2 ml) were added oleic acid (0.394 ml, 1 .23 millimole). 4-dimethylaminopy- 
55 ridine(75 mg, 0.61 4 millimole) and N.N'-dicyclohexylcarbodiimide (254 mg, 1 .23 millimole) successively and the mixture 
was allowed to react at room temperature for 4 hours. The precipitates formed in the reaction mixture were filtered off 
by suction and the solvent was distilled off from the filtrate. The residue was dissolved in a developing solvent (benzene: 
ethyl acetate=98:2) and purified over a silicagel column (benzeneiethyl acetate=98:2). The fast elating solution com- 



34 



EP 0 356 154 B1 



prising impurities were discarded and colorless fractions were pooled. The solvent was distilled off to give 2'.3'-0- 
(tetraisopropyldisiloxane-1,3-diyl)-2.3.6,6'-tetra-0-oleoyl-a.a-trehalose (18) (501.7 mg) (as a mixture) in the form of 
colorless viscous product. The obtained mixture (501.7 mg) was dissolved In a mixed solvent of dry tetrahydrofuran 
(10 ml), dry acetonitrile (10 ml) and water (1 ml), and 1 M tetrabutylammonium fluoride in tetrahydrofuran (3.05 ml) was 

s added thereto. The mixture was allowed to react at room temperature for 1 hour, combined with chloroform (about 100 
ml) and washed with saturated aqueous ammonium chloride solution and water, then dried over anhydrous sodium 
sulfate. The inorganic salt was filtered off and the solvent was distilled off from the filtrate. The residue was dissolved 
in a developing solvent (chloroform:methanob95:5) and fractionated through a silicagel column (chloroformimetha- 
nol=95:5). The fast eluting solution comprising impurities were discarded and colorless fractions were pooled. The 

10 solvent was distilled off therefrom to give 2,3,6,6'-tetra-0-oleoyl-a,a-trehalose (lg-1) (288.8 mg, yield 28.7%) in the 
form of colorless viscous product. 

Example viii-2 

^5 Preparation of 6.6'-di>0-(3-hvdroxv-2-n-tetradecanvldocosanovl)-2.3-di-0>pentadecanovl-a.a-trehaiose (IQ'2) 

To a solution of 2,3-di-0-pentadecanoyl-2'.3'-0-(tetraisopropyldislloxane-1,3-dlyl)-a,a-trehalose (12) (692.6 mg, 
0.67 millimole) dissolved in dry methylene cholorlde (1 2 ml) were added 3-benzyloxy-2-n-tetradecanyI-docosanoic acid 
(1.033 g, 1.61 millimole) in dry methylene chloride (3 ml). 4-dimethylaminopyridine (97.7 mg. 0.8 millimole) and N,N'- 
20 dicyclohexylcarbodiimide (332.2 mg. 1.61 millimole) successively and the mixture was allowed to react at room tem- 
perature for 20 hours. The precipitates formed in the reaction mixture were filtered by suction and the solvent was 
distilled off from the filtrate. The residue was dissolved in a developing solvent (benzene) and fractionated through a 
silicagel column (benzene). The fast eluting solution comprising Impurities were discarded and colorless fractions were 
pooled. The solvent was distilled off to give 6.6'-di-0-(3-ben2yloxy-2-n-tetradecanyldocosanoyl)-2,3-di-0-pentade- 
2S canoyl-2',3'-0-(tetraisopropyldisiloxane-1 .3-diyl-a,a-trehalose (1 8) (747.5 mg) in the form of colorless viscous product. 
The compound (18) was dissloyed in a mixed solvent of dry tetrahydrofuran (5 ml), dry acetonitrile (5 ml) and water 
(0.2 ml), and 1 M tetrabutylammonium fluoride In tetrahydrofuran (3.3 ml) was added thereto. The mixture was allowed 
to react at room temperature for 1 hour and combined with chloroform (1 00 ml). The mixture was washed with saturated 
aqueous ammonium chloride solution and water, and then dried over anhydrous sodium sulfate. The inorganic salt 
• 30 was filtered off and the solvent was distilled off from the filtrate. The residue was dissolved in a developing solvent 
(benzene: ethyl acetate=65:35) and fractionated through a silicagel column (benzeneiethyl acetate=65:35). The fast 
eluting solution comprising impurities were discarded and colorless fractions were pooled. The solvent was distilled 
off therefrom to give desllylated product. 6,6'-di-0(3-benzyloxy-2-n-tetradecanyl-docosan6yl)-2,3-di-0-pentade- 
canoyl-a,a-trehalose (388.1 mg) in the form of colorless viscous foam. The desllylated product (388.1 mg) was dis- 
ss solved in a mixed solvent of dry methylene chloride (4 ml) and dry ethanol (4 ml). The mixture was combined with 
palladium black (388.1 mg) and hydrogenated at room temperature for 14 hours. The palladium black was filtered off 
from the reaction mixture and the solvent was filtered off from the filtrate. The residue was dissolved in a developing 
solvent (chloroform:methanol=95:5) and fractionated through a silicagel column (chloroform:methanol=95:5). The fast 
eluting fractions comprising impurities were discarded and colorless fractions were pooled. The solvent was distilled 
40 off to give 6,6'-di-0-(3-hydroxy-2-n-tetradecanyl-docosanoyl)-2.3-di-0-pentadecanoyl-a,a-trehalose (lg-2) (297.8 mg, 
yield 16.1%) in the form of white viscous foam. The compound (Ig) in the Table 1, i.e. 6,6'-di-0-oleoyl-2,3-di-0-penta- 
decanoyl-a,a-trehalose (lg-3) and 2,3-di-O-oleoyl oleoyl-6,6'-di-0-pentadecanoyl-a,a-trehalose (lg-4) were prepared 
as described in the above Examples. 

The physicochemical properties of the compounds of the present invention prepared according to the above ReU 
4S erence Examples and Examples are summarized in Table 1 . 
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Claims 

1 . A trehalose derivative of the formula: 



10 




(I) 



IS wherein R^, RS. R^, and R^ are hydrogen atoms. Ri and R^ are 0,^0 aliphatic acyl groups, and R^ and R^ are 

each selected from hydrogen and C^^o aliphatic acyl groups. 

2. The trehalose derivative according to claim 1 wherein R^ and R^ are each hydrogen. 

20 3. The trehalose derivative according to claim 2 wherein R^ and R^ are straight or branched, saturated or unsaturated 
Ce'Cse aliphatic acyl groups. 

4. The trehalose derivative according to claim 2 wherein at least one of R^ and R^ is substituted with hydroxy, epoxy, 
alkylcycloalkyi or cycloalkenyl. 

25 

5. The trehalose derivative according to claim 1 wherein one of R? and is aliphatic acyl and the other is 
hydrogen. 

6. The trehalose derivative according to claim 5 wherein the three aliphatic acyl groups R^ and RS and either R2 or 
30 R4 are straight or branched, saturated or unsaturated C^-C^s aliphatic acyl groups. 

7. The trehalose derivative according to claim 6 wherein at least one of the three aliphatic acyl groups R\ R^ and 
either R^ or R"* Is substituted with hydroxy, epoxy or alkylcycloalkyi. 

35 8. The trehalose derivative according to claim 1 wherein R2 and R* are each C^^q al'Phatic acyl. 

9. The trehalose derivative according to claim 8 wherein the four aliphatic acyl groups R\ R^ R^ and R^ present in 
the derivative are straight or branched, saturated or unsaturated C^-C^q aliphatic acyl groups. 

40 10. The trehalose derivative according to claim 9 wherein at least one of the four aliphatic acyl groups R^ R^ and 
R8 present in the derivative is substituted with hydroxy. 

1 1 . A trehatose derivative of the formula: 



so 




55 wherein Ra and Rc are independently bivalent hydroxy-protecting groups and R^p is hydrogen atom or a mono- 

valent hydroxy-protecting group. 



44 



EP 0 356 154 B1 



Patentanspruche 

1. Trehalosederivate der Formel 

5 



10 




or CHtOR* 

IS worin R^, R5, ffi und Wasserstoffatome bedeuten, und R^ aliphatiche Ci-4o-Acylgruppen bedeuten und R^ 

und R4 je ausgewahit werden aus Wasserstoff und allphatischen C^^-Acytgruppen. 

2. Trehalosederivate nach Anspruch 1 , dadurch gekennzelchnet, da3 R2 und R^ je Wasserstoff bedeuten. 

20 3. Trehalosederivate nach Anspruch 2, dadurch gekennzelchnet, daB R^ und R^ geradkettlge oder verzweigtkettige, 
gesattigte oder ungesattigte aliphatische Ce-Cae-Acylgruppen bedeuten. 

4. Trehalosederivate nach Anspruch 2, dadurch gekennzelchnet, daB mindestens einer der Substituenten und 
R8 mit Hydroxy, Epoxy. AlkylcycloalkyI oder Cycloalkenyl substituiert ist. 

25 

5. Trehalosederivate nach Anspruch 1, dadurch gekennzelchnet, daB einer der Substituenten R2 und R^ eine ali- 
phatische Ci^o^Acylgruppe bedeutet und der andere Wasserstoff bedeutet. 

6. Trehalosederivate nach Anspruch 5. dadurch gekennzelchnet. daB die drei aliphatischen Acylgruppen R'' und 
30 r8 und entweder R2 oder R* geradkettige oder verzweigtkettige, gesattigte oder ungesattigte aliphatische Oq-C^s' 

Acylgruppen bedeuten. 

7. Trehalosederivate nach Anspruch 6, dadurch gekennzelchnet, daB mindestens eine der drei aliphatischen Acyl- 
gruppen R\ R8 und entweder R2 oder R^ mit Hydroxy. Epoxy oder AlkylcycloalkyI substituiert sind. 

35 

a Trehalosederivate nach Anspruch 1 . dadurch gekennzelchnet, daB R2 und R^ je aliphatisches C^^-Acyl bedeu- 
ten. 

9. Trehalosederivate nach Anspruch 8, dadurch gekennzelchnet, daB die vier aliphatischen Acylgruppen R^ R^ 
40 R4 und RS die in dem Derivat vorhanden sind, geradkettige oder verzweigtkettige, gesattigte oder ungesattigte 

aliphatische Ce'Cge-Acylgruppen bedeuten. 

10. Trehalosederivate nach Anspoich 9. dadurch gekennzelchnet, daB mindestens eine der vier aliphatischen Acyl- 
gruppen R\ R2 R4 und R8, die in dem Derivat vorhanden ist, mit Hydroxy substituiert ist. 

45 

11. Trehalosederivate der Formel 




worin Ra und Rc unabhangig zweiwertige Hydroxyschutzgruppen bedeuten und R^p ein Wasserstoffatom oder 



45 
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eine einwertige Hydroxyschutzgruppe bedeutet. 

Revendications 

1 . D6rivd de trehalose de formule : 



CHtOR 




(1) 



^5 OR' CH^OR' 



20 



25 



dans laquelle R^, RS. R6 et R^ sont des atomes d'hydrogene. Ri et RS sont des groupes acyles aliphatiques en 
Ci a C40, et R2 et sont chacun choisis parmi fhydrogfene et tes groupes acyles aliphatiques en Ci a C40. 

2. D§riv6 de trehalose selon la revendlcation 1 , dans lequel R2 et R* sont chacun un atome d'hydrogene. 

3. D6riv6 de trehalose selon la revendlcation 2. dans lequel Ri et R8 sont des groupes acyles aliphatiques en Cg k 
lindaires ou ramifies, saturds ou insatur^s. 

4. D6rlv6 de trdhabse selon la revendlcation 2. dans lequel au molns un groupe pamni R^ et R^ est substltu6 avec 
un groupe hydroxy. 6poxy. alkylcycloalkyle ou cycloalkdnyle. 

5. D6rlv6 de trehalose selon la revendlcation 1 , dans lequel un groupe parmi R? et est un groupe acyle allphatique 
30 en Ci a C40 et I'autre est un atome d'hydrogene. 

6. Derive de trehalose selon la revendlcation 5. dans lequel les trois groupes acyles aliphatiques Ri et R^, et soit R^ 
soit R4 sont des groupes acyles aliphatiques en Cg S C^e Iin6aires ou ramlfi6s, satur6s ou Insaturds. 

35 7. Derive de trehalose selon la revendication 6, dans lequel au moins I'un des trois groupes acyles aliphatiques Ri, 
R8, et soit R2 soit R^ est substitu6 avec un groupe hydroxy, 6poxy ou all^ylcycloalkyle, 

8. Deriv6 de trehalose selon la revendlcation 1 , dans lequel R2 et R* sont chacun un groupe acyle aliphatique en 

40 

9. D6riv6 de trehalose selon la revendication 8, dans lequel les quatre groupes acyles aliphatiques R'', R2, R^ et R^ 
presents dans le d6rlv6 sont des groupes acyles aliphatiques en Cg ^ Iin6aires ou ramifies, satur^s ou insa- 
tur^s. 

45 10. D§rive de trehalose selon la revendication 9, dans lequel au moins I'un des quatre groupes acyles aliphatiques 
Ri, R2, r4 et RS prdsents dans le d6riv6 est substitu6 avec un groupe hydroxy. 



so 



55 




(8) 



CHtOH 
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dans laquelle Ra et Rc sont ind^pendamment des groupes bivalents hydroxyiarotecteur et R^p est un atome 
d'hydrogene ou un groupe monovalent hydroxy-protecteur. 
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